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ABSTRACT

A computer program was written to determine the time-magnitude relation-
ships of reduced pressures in the Morrow Point Dam inlet structure. The -
- low pressures ‘are formed during an emergency closure of the intake gates
as water in the penstock drains through the turbine. The study was nec-
essary to properly size the air vent system and to investigate the effect
of various air vent dimensions on the reduced pressure. Consideration of
design parameters, causes for air flow, and flow conditions within the
air vent are discussed. The one-dimensional equations of gradually vary-
ing unsteady flow. are given, and a computer program for their solution is
presented in Fortran IV programming language. The program can be used

Y  for similar problems. , '

. DESCRIPTORS--/ *vents/ *unsteady flow/ *air demand/ penstocks/ computer

‘progremming/ structures/ air/ velocity/ computation/ sound/ reservoirs/
design criteria/ mathematical analysis/ flow control/ adiabatic
IDENTIFIERS--/ Morrow Point Dam, Colo/ Colorado River Storage Proj/

‘ -Colorado/ water column separation




HOMENCLATURE
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scecific heat with pressure held constant
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' Subscrigtsl
: - ' iy
‘atm = atmospheric™
.compressible
‘location where Mach number = 1.0 for alrflow
entrance. to small gate:chamber for waterflow
emergéﬁéy gate
-gate chamber
incbmpfessible
‘ penstogk
l-tESérvoir:Sideubf gate chamber
;resefvpirlupstréam‘from-béllmquth.entrance
'gturbiné.-'”
-
tailrace
‘= refer to Figure 11 for waterflow

refer;to}Fngre lZ_fp;.airflow'

' “A bar over a'value refers to an average value.




© PURPOSE

The purpose of the study was to determine the magnitude of the reduced
pressure in the Morrow Point Dam Powerplant intake gate structure as a
function -of time, to compute the maximum air velocities threugh the
venting system, and to investigate the effect of the air vent dimen— .
sions on the reduced pressure in the penstock through the use of a dig-
ital computer program.

CONCLUSIONS

1. An individual 2-foot 9-inch by 3-foot.air vent to each chamber pre-
vents ‘the pressure in the gate chamber and penstock from beling less
‘than 9.53 psia: (pounds per square inch absolute) with an atmospher1c
presaure of 11.26 psi (pounds per square inch)

2. The maximum exit air velecity in the Z—foot 9-inch by 3-foot vent
Zplpe is approximately 308 fps ‘(feet per second) .

3. The maximum inlet velocity 3 feet from the inlet to the 2~foot
=9-—inch by 3-foot ‘air vent pipe is approximately 45 fps.

“4; No water column separation occurs, during the . emergency closure.

3 APPLICATIONS

-The analytical part of the study which is. descrlbed by thlS report is
‘complete. The computer program can be adapted foruse on other geomet-
rically similar installatioms by substituting appropriate values in all
statements marked with an asterisk- in.the main program, in the ‘subrou-
tines, and»*n tlie function subprograms.  1f the other installations are
‘not exactly geometrically similar, the program can still be used by .re-
writing the fumction subprograms. As with most mathqnatlcal models,

- the validity of curves presented in 'this report will not be definitely
. established until field tests have been performed. A time history of
~the gate chamber pressure and the percent gate opening during prototype

-operation would 'be sufficient to ver1fy the accuracy of the computa-
‘tions presented in this report.

INTRODUCTION

'Hbrrow.ﬁoint.bam is onefof'three dams to be built on a:&o—mile section
©-of ‘the Gunnison River in Colorado (Figure 1). - The complex .of dams,
- ' known as the Curecanti Unit, iswprimarily_intended-to'develoéfwater'




storage and hydroelectric power generation potentials on the river.
Other purposes of . the Unit are irrigation, recreation, and flood con~
trol. ' ‘

The power generation facilities at Morrow Point Dam will consist of
two generators whose combined capacity is about 120,000 kilowatts
(Figures 2 and 3). The hydraulic structures associated with the gen-
erators are a single intake structure, two penstocks, two undergroumnd
hydraulic turbine units, and their draft tubes (Figures 4 through 6).

Under normwal operating conditions with flow through the turbines, the
intake gates are fully open and water stands in the dntake gate chamber
(Figures 74 and 7B). The standard procedure for stopping the flow
through the penstocks is to close the wicket gates at the turbine and
then to close the intake gates. This procedure keeps the penstocks
filled with water and eliminates difficulties which are normally expe-
rienced when the penstocks must be filled. However, during emergency
conditions, the intake gates could close and the wicket gates at the
turbine remain open. For this case, :the water level in the gate cham-
ber would fall rapidly and eventually all of the water in the penstock
" would be discharged through the runaway turbine (Figure 7C). This
rapid change in the water surface decreases the air pressure in the
.gate chamber and in the penstock. The formation of excessive subatmos-
pheric pressures in these structures s’ prevented by admission of air
to the system tkrough vents located in the intake structure.

This etudy was initlated to assist in the determination of the air vent

size .required at Morrow Point Dam. Tha procedure which is outlined can
be applied to the solution of other similar air vent problems.

BASIC CONSIDERATIONS

e

-A.:,Design'Criteria B
'.‘In'genersl the following factors must be considered in the design of
-air vent systems: . L o '

l; The 1imiting subatmospheric pressure which can be- tolerated in.
the structure to which the air vent is attached.
2, The economy of constructlng large air vents into a relatively
-weak: connecting structure versus small air vents connected to a
: strongly reinforced structure. :

3. The maximum air velocity which can-be tolerated within the air
.;vent duct.- .
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4. The maximum air velocities at the entrance to the air vent duct.

5. The overall effect of the quantity of air flowing through the
vents on the flow of water through the system.

Normally, a water conveyance structure, such as a penstock, is designed
for the maximum positive internal pressure which might be encountered
during the lifetime of its operation. Such a design is also safe
against collapse up to some critical negative. (below atmospheric) in-
ternal pressure. However, if the internal pressure could fall below
this critical value, the structure muzst then be designed to resist both
large positive and negative internal forces. In practice the magnitude
‘of the negative internal pressures is often reduced by admitting air
‘Into the structure through a venting system. Thus, the requirement of
‘designing the structure to resist large negative pressures can be
-avoided. However, to achleve significant reductions in the magnitude
of the negative pressure, the vents may have to be quite large. There-
Zore, the. designer must weigh the cost of a structure that can with-
stand excessive negative pressures versus the cost of providing large
alr vents into the structure. In some cases, the construction of a
stronger structure may be more economical than providing for large air
vents,

 Consideration of the maximum air velocity in the vent pipes is dictated
primarily from physiological considerations. The limit on the air ve- -
locities in the air vents has been established by experience at about
300 fps and 1s generally considered to be that air velocity at which an
objectionable whistling sound occurs. The intensity of the sound and
not the mere presence of sound is the governing factor, . For instance,
if the sound has pressure levels greater than about 85 db (decibles),
ear protection is recommended for exposure times greater than 8 hours.l/
For pressure levels greater than about 135 db, ear protection is recom-
mended for any exposure time. A relationship between air velocities
and. sound pressure levels in air vents camnot be given unless the air
vent configuration is accurately known. However, various studies in-
dicate that the sound pressure levels for certain types of noise in=
crease as the 6th to 8th power of the velocity.2/ Therefore, the noise
levels could quickly become objectionable if the 300~fps limit is ex-
ceeded, .In addition to limiting the velocities within the vent, it is
desirable to limit air velocities in the vicinity of the air intake to
.. about 60 fps so .that personnel and loose objects .will not be swept
* through the vents. ‘Personnel barriers, placiiig the intake in inacces-
sible locations, and grills or screens over the air intake are used to
-reduce this hazard. :

Lt}

~ 1/Beranek, L. L., and Miller, L. N., The Anatomy of Noise, Machine
" ‘Design, Vol ‘39, No. 21, September 1967.

2/Davies, 4. G., and Williams, J.E.F., Aerodynamic Sound. Generation in
a Pipe, Journal of Fluid Mechanics, Vol 32 Part 4, pp 765-718, 1968.




The quantity of air flowing through the vents could adverasely affect
the flow conditions in the system under certain circumstances. For
instance, insufficient air flow into the gate chamber could result ia
‘the formation of a vapor pocket in the penatock with subsequent separa-
tion of the water column. The rejoining of the water column would
‘create extremely high pressures and could damage the penstock and gate
- chamber. Grigg, et al3/ have established that water column separation
will not oceur if the cross-sectional area of the flow passage in the
lower part of the fully aerated gate chamber is greater than or equal to

)

_EET§7;j::;l:

If tnis Eriterion is. not'net, computations of the type described in
this repert must’ be performed to determine if water: column separation
-will oceur. - '

- B Criteria for Airflow

-~ The quantity of air which flows throush the air vent is determined by
" both the. configuration of the air vent and the flow conditions in the
' gtructure to:which ‘the vent is connected., Typical examples of flow
- conditions which may occur in the comnecting structure are: the ‘forma-

 .tiom of a hydraulic jump which seals off the conduit, spray downstream

" from a gate, high-velocity flow in a partially filled conduit and a
falling water surface. ‘Each of these conditions is described by its
_own ‘characteristic air-water flow relationship. Due ‘to.the variety of
 possible flow:conditions,: eompiessibility of the fluid flow. through the
-air vent, and-the: design considerations ‘enumerated previously, an air
vent which satisfies .the many requirements cannot be accurately de~

'-‘Q signed through ‘the-use of simple "rules of thumb." Instead, the de—,'

-eigner . should use  hydraulic model studies#l or, in a few specialized
instsnces._mathsnatical models. .

.705 the various flow conditions which were enumerated the only air~ _ .
.water flow relationships that can be expressed mathematieally are for B

£

;iﬂ3lGrigg, W. ‘L., Johnson, R. Eay- and Kellerhals, R., -‘Some Design Aspects;f'
- of & Divided Gate Tower. ASCE Proceedings Vol.93, PO 2, pp 1-14,
“:0ctober 1967,

'.flﬁlsikora, A., Zavzdusnenie Sachtovych Priepadov (Air ‘Entrainment’ 4n -

1Shaft Spillways),: Préce a studie, as, Vyskumny Ustav. Vodohospodarsky, o
'+ “Bratislava . (Czechoslovakia) A presentation of dimensionless ‘curves g”””
eg'}for highﬂvelocity flow in a; conduit flowing part full . '




the hydraulic jump in a conduit5/ and for a falling water surface.

Even though an explicit relationship cannot be obtained for a falling

water surface in a complex structure, this report indicates a means by

which the implicit relationships can be evaluated to approximate the
true air-water flow relatiomship.

C. Description of Computational Procedures

ll:'_'

Tn ggasi—steady State Solution-

The system could be analyzed in several different manners dependlng
upon the rate of change of the waterflow rate. For instance, if g
‘the rate of chamge of the discharge is small enough, the assumption’
-of quasi-steady flow 1s valid. For this case, the flow at the end

of .each time increment would be treated as though it had reached a
.steady state condition. The solution would involve the repeated
application of Bernoulli's equation and the continuity equation. The
air inflow rate has an influence on the pressure terms in Bernoulli's
equation and simultaneously the continuity equation has an influence
on the air inflow rate. Therefore, the solution involves a trial

and error computation to arrive at the final result for each time
increment.

2, Consideration of Inertial Effects

If inertial effects are not small, the system can be analyzed as a

- surge-type problem. In this type of problem, two equations based on
conservation:of momentum are written to describe the flow in the

" penstock and in .the gate chamber, respectlvely.. The relationship
between the two equations is established through consideration of the-
energy equation at the point where the gate chamber flow joins the
penstock flow. For some specialized cases, these two nonlinear sec-
ond - order differential equations can be combined into one equation
which can be solved numerically.6/ However, since a numerical
.method is generally used for solving the equation, a simpler proce-
dure is to solve the two differential equations simultaneously by
standard Runge-Kutta numerical methods.7/8/ After the water drains
out of the gate chamber, the flow can be described by one relatively
simple second order differential equation.

5/Kalinske, A. A., and Robertson, J. M., Closed Conduit Flow, ASCE
Transactions, Vol 108, pp'1435 -1516, 1943. ‘

f._ﬁlBurgreen, D., Development of Flow in Tank Drainlng, ASCE Proceedlngs,
- HY3, pp 13-28, March 1960.

©7/Scarborough, J._B., Numerical Mathematical Analysls, John Hopkins‘
Press, 1966_3.” .

8/W111ers, F. A., Practical Analysls, Dover Publications 5273 1948,




This type of computation generally falls under the heading of "Rigid
Water Column Theory" and forms the basis for the computations de-
scribed in this report. '

3. Consideration of Compressibili'-v Eifects in the Water Columns

The previous method assumes that the water column is incompressible,
which means pressure changes due to closure of the emergemcy gate
are transmitted throughout the entire system instantaneously.
Parmaklan9/ states that this assumption is satisfactory when the
.gate closure time, T, is greater than L/1,000, where L is the
length of the water column, If T d1s less than L/1,000, the ef-
fects of compressibility of the water column should be included in
the analysis.’ The analysis which considers compressibility effects
1s kmown as® "Elastic Water Column Theory." The mathematics is made
more complex than the previous methods through the introduction of
partial differential equations. Therefore. an examination of the
necessity for considering an elasstic water column can lead to sim~
plifications in the analysis.

The Morrow Point Dam penstock is about 470 feet long, and the total
gate closing time was assumed to be 60 seconds. Thus, T 1s about
120 times greater than L/1,000 and the effects of compressibility in

“. the water columns can be safely neglected.

D. Deviations from.the Prototype .

‘Various discrebencies frequently occur between a mathematical model and
the prototype because of gimplifying assumptions made in the mathemati-
cal model. If; theae deviations from actual conditions are minor, the
mathematical model - can still be expected to yield accurate results.

‘The simplifying assumptions used in the method of enalysis described by
this report which could cause discrepancies are:

a. Flow into the gate chamber along the upatream face of the
‘partially 0pen emergency gate 1s neglected.

b. -The emergency gate closing rate is constant.
c. The loss coefficlient across the turbine is constant.

The effect of these deviations was assumed to be minor. The validity
» of this assumption should be confirmed by prototype tests.

' 59[Parmakian, J., Water Hammer Analysis, Dover Publications, New York,
£1963. : . X




THE COMPUTER PROGRAM
A. General

The computer program determines quantities which satisfy the rigid wa-
ter column flow equations. A general outline of the steps which the
computer performs is shown in the flow chart (Figure 8). Basically,
the program consists of two computational loops. The purpose of the
major loop is to solve the two second-order, nonlinear differential
equations simultaneously. Within the major loop, a secondary loop de-
termines the airflow quantities through the vents. The program begins
at the time corresponding to the inception of the emergency gate clo-
sure, computes the flow quantities for this time, increases the time by
a fixed time increment and then repeats the computations. This proce-
dure is continued until some preestablished time from inception of the
gate closure has been reached. Then the program stops the computations.
Only the major divisions of the program are discussed in the headings
which follow, since details of the actual steps can be obtained from am
examination of the program itself (written in FORTRAN), see Appendix.

B. Numerical Integration

The numerical integration is performed by the computer using the Runge~
Kutta method in combination with "smoothing" or corrector equatioms.
The Runge-Kutta method is actually a family of procedures for solving
differential equations in which each . procedure has its own characteris-
. tic degree of accuracy.lQ/ The particular method used in this report

-consists of the following procedure (refer to Figure 9A):

A

The first approximation of the differential equation is a straight
1ine whose slope is determined at the starting point.

The second approximation is a straight line passing throngh‘the
starting point but whose slope is determined at the midpoint of -the
first approximation.

The slope for the third approximation is determined at the midpoint
of the seeond approximation. :

‘Finally, the slope of the fourth approximation is .determined at the'
end point of the third approximation.

These four approximations result in four values of the differenmtial
equation at the end of the time interval, At » where At 1s the time
increment used in the integration. An average value is obtained by
using Simpsons rule.lO/ The inherent error with this method is of the.
order AtS.

‘10/Streeter, V., and Wylie, E. B., Hydraulic Transients, HcGraw—Hill
Book Company, 1967, -




The simultaneous solution of two differential equatioms, g, and g,,
can be considered geometrically as the determination of a solution
curve in three-dimensional space with coordimates x, y, and t
(Figure 9B). The Runge-Kutta method of integration for this three-

" dimensional case is similar to that for the two-dimensional case de-
scribed by one differential equation. At the end of the time interval
&t, values of both Ax and Ay are detemined for the two differen-
tial equations.

To insure the accuracy of the integration, short-time intervals were
used. 'The values of x, y, v, and vy ‘computed by the Runge-Kutta
method: were checked and corrected by assuming that the second-order
time~derivatives could be expanded with a five~term Taylor series. For
example, in this program the basic time increment for which values were
desired was 1.0 second. To perform the integration this interval was
broken into five equal intervals and the integration was performed us-
ing the Runge-Kutta method for each interval giving five values of x,
y, v, aad v_. These values were then corrected using standard cor-
rector equations which are based on a five-term Taylor series.ll/ A
~ forward integration technique was,ueed to extend the computations from
the fifth value (the end of the fourth interval) to the end of the 1.0~
second interval. This procedure resulted in water velocities which
were correct to. four places.

At the end of each time increment, the airflow rate through the vents

is computed by solving. simultaneously the compressible fluid flow
-equations .for the airflow with the equation for the adiabatic expan-
"8lon of air in the pate chambher. Although this computation changes the
value of the pressure above the water surface in the gate chamber, the
‘use of small time increments and the relatively slow rate of change of
gate chamber pressure eliminates the need for repeating the integrationm.

‘C., Computation of Dischagge Coefficient

The discharge coefficient for the intake gate is a function of both the
‘gate opening and of the downstream conditions. If the water surface
downstream from the ‘gate is high enough to effect ‘the discharge coeffi-
clent, the efflux is termed "submerged." For. lesser water depths,.the
efflux is called "free." Unfortunately, the effect of submergence on
the discharge coefficient of a'slide gate located immediately down~-
stream from the end of a bellmouth entrance is not presently available.
‘Therefore, the discharge coefficients for a freely discharging slide
gate were used in the program.l2/ The discharge coefficient curve was
approximated with a fifth degree polynomial using a least squares fit
(Figure 10).

'.lllLevy, H., and Baggott, E. A., Numerical SolutiOns of Differential
Equations Dover - Publications, 5168, 1950. '

lZIFalvey, H. T., Twin Buttes Auxiliary Regulating Gate, Report
No. HYD—475 United States: Bureau of Reclamation, Denver, Colorado.
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' The differential head across the gate was used to competed the dis-
charge for the submerged condition. Whereas, the upstream head was
used for the free—flow condition.

' The emergency gate was assumed to have a linear rate of closure, going
from wide open to fully closed in 1 minute. Thus, for each time inter-
val, the percent gate opening was defined. The discharge coefficient
which corresponded to a glven gate opening was obtained from the polyno- .
mial expansion. ‘

D. Computation of the Gate Chamber Pressure

As the water surface drops, the air in the gate chamber and penstoek

will expand adiabatically. This results In a decrease of the gate
chamber pressure. The decreased gate chamber pressure in turn will in-
crease the alrflow rates through the air vents. The increased amount
of air in .the chamber will partially relieve the low pressure. This

. portion of the program was repeated until the pressure which created a
certain airflow rate equaled the pressure formed by the adiabatic ex-
pansion of the pravious air volume and of the air volume which flowed

. through the:air vent. -

E.-.Computetion of the Mach Numbers in the Alr Vent

Part of the computation of the gate chamber pressure involved computa-
tion of the alrflow rate through the vent. - Because the flow in the
air vent is compressible, 'the Mach number of the flow intc the vent is
less than the Mach number of the flow out of the vent. The computer
program computed the outlet Mach number based on a given value of the

‘inlet Mach number. The inlet Mach number was determined from the air-
flow rate required to satisfy the gate chamber pressure.

"F. Restrictions Imposed on the Computations

'Sinee the flow equations were solved through successive approximations,
. maximum allowable error limits were imposed on the required accuracy of
Epecific computations. These limits were as follows.

1. The pressure of the air in the gate chamber or penstock must be
correct to with 0.0l psi of its true value.

2. The Mach number of the air entering the gate chamber must be
with 0.1 percent of its- true value as determlned by the compressible
flow equations. .

=These ‘error limits result in a solution which converges rapidly.

,Smaller increments for .the various steps increase the computation time
: =




.but do not significantly change the absolute values of the flow quan-
_tities. Therefore, these limits can beiconsidered as an optimization
of the required computational accuracy fqr a minimum computation time.

‘In addition to these restrictionms,  the computations wlll cease 1f vapor
pressure-is reached in the system since this is a condition which is
not defined by the differential equations. Then too, the structure
‘could ‘be endangered if vapor pressures:did form in the water columns.

To ‘insure ‘a unique solution at the.very low airflow rates, the spe-
“ciflc weight of ‘the air in the gate chamber must be equal to or less.
-than the specific welght of air at atmospheric-pressure.'

g DEFINITION' OF BASIC EQUATIONS

Al Discharg;ﬁfrom Reservoir into Penstock

_ The ‘flow rate from- the reservoir into the penstock is a function of the
'__reservoir elevation, the. gate opening, . and the pressure downstream from
the gate. These quantities were related through the expression.

| QB E%"c”.‘@’.{wsses-"i;'_'_PT? R ' (1a)

for submerged flow. and’

res

Q, A - Jz"éJw's‘ RS

i.for-free‘flow_in.the_penstock-_

;For these computations, .a-constant reservoir elevation of 7165 0 was

. .assumed. ‘The -conduit .invert: elevation is 70?3 25 .and the conduit area
- at the upstream face of the gate is 222, 13 square feet (13.52 x 16.43).

. The discharge coefficients were defined by a fifth: degree polynnmial
which approximated the discharge curve, Figure 10.:

'-'ﬁﬁ. Homentum Equation for- Gate Chamber Flaw

fThe gate ‘chamber - configuration was . simplified by assuming that it con-
,_?sisted of ‘two main parts, one having a.large cross~gectional area and
_.:the-other .small : (Figure 11). Equatiog ‘the body forces and the gravita—
-T“tional forces on the: water in the- upper gate chamber with the inertia

- =;;”20f the fluid gave.,-




P H =

Similarly equating body forces, gravitational forces, entrance drag

" forits and ‘frictional forces in the lower gate chamber with the inertia
of the fluid .gave: .

(3)

?fﬁuatioﬁs.1ﬁand-2!a:e‘rélated to each other through the energy: equation:
=writ:en;a;_the“junccion=of the upper:and'lowerfgate‘chambers:

,_":;EThrough the continuity equation-f

(5)

"‘”Equations 2 through 4 can be combined into one equation which describes '
‘the flow out of the gate chamber. .

e ;,,L,‘-.@K“ N Y

--:-1]<T> -t @)




'If the water surface is in the lower gate chamber, the equation which
corregponds with Equation & is:

S A(L_+EB-y) &% P
._&..EL.____EL. 2 ° . _+.(?2"H"3é)

-C.: Homentum*gguationrfor:Penstock Fluw

1._ihé;moﬁentum'equation-fof thefpenstbck”fiaw can be wtitten-by equating
body, frictional,fand gravitational forces,with-inertiga iThis gives:

B Ba(E3S o
: 7 “p Tw -ﬁ“ :g = g 'E;E -

| The pressure at the end of the penstock P o ‘can be expressed_in terms
:of the tailrace water elevation through the Energy Equation:

i;The value for Kt is' determined from the steady ‘state conditions of
. flow through a runaway -turbine. It is assumed that K, is not a func-
" tion-of head across the turbine. - "For Morrow Point Dam, a maximum dis~
" charge of 5,530 cfs with a 405-foot head was used to compute K for
fmthe runaway condition. In Equation 9, the velocity head in: the tail—
“race was neglected.“‘ . )

Substitution of . Py from Equation 9 into" Equatian 8 yields the . pen—
stock momentum equation. .

(10)




1f the free water surface is in the penstock, the length Ib is the
length of the water column in the penstock between the free water sur-
face and the;turbine.

D. Junction Energy Equations

The equation for the reservoir flow (Equation 1), the equation for the -
gate chamber flow (Equation 6 or Equation 7}, and the penstock flow
equation (Equation 10) are all related to eich other through energy

' considerations at the junction of the gate chamber with the penstock

_ The distribution of energy at a pipe branch or tee has been investi-
' gated by several researchers.13/14/ The results of analytical computa-
; tions were .found to agree relatively well with erperimental data. If
i the water enters the penstock from both the‘gate chamber and from the
. reservoir, the approximate relationship between the pressure immedi-
"~ ately below the emergency gate and the peastock pressure is:

13]Blaisde11 F. W., Loss.of Energy at Sharp-edged Pipe Junetions,
_:Technical Bulletin No. 1283, Agricultural Resoarch Service, USDA, 1963.

_14/Garde1 A, Chambers D'Equilibre, F. Rouge! and Cie, Lausanne, 1956, see
also’ Perkins, ‘F. E, et al, 1964, Hydro_Fower Plant Transients, Part III

' Hydrodynamics Laboratory Report ‘No. 71 Massachusetts Institute of
;Technology : . ¥

o .




With free surface flow in the penstock the head loss across the june- 1
tion is zero, as cdn be seen from Equation 11 when Qp = Q. N

E. Initial Conditions for the Differential Equations

_To start the integratior of Equatiovs 6 and 10 certain initial condi-fﬁ‘
.tlons must be given. These conditions can be obtaingd byasolving
uations 6 and 10 for the steady state condition (& x/dt =0 and

\:h ’
/dt = 0) Thus at time, t = o, the initial conditions are: R
X = 0; dx/dt = 17,776 ft/sec |
& 000 hy=0; ayjat=0
Theﬁinitial ccnditions for Equation 7 were obtained by assuming conser-
.vation of momentum in the gate chamber and in-the penstock as the flow
.left the upper gate chamber. This assumption makes dx/dt. and dy/dt
continuous functions. In this case  dy/dt must be referenced to tha.
lower‘pate chamber. . -
F.. Compressible Fluid Flow in the Air %ents-
.ia [ "l. -General - The differential equation of motion for compressible flow
s In a- constant area duct when losses are considered is: )
dD ) - -
2 d'I' 1y ¥t
p+ 6142-:- 5 M +——-pA+2D =05: (13)_
: (Ref,_z/ 1'.'93) _ -- u 0
N This equation cai be solved 1f the flow is considered as being: described
~ by -two separate flow regimes, an inlet flow regime and a duct flow re-
- - gime (Figure 12A). For the inlet regime, the losses arte- primarily de- e
pendent upan form. drag, and the effect of friction is neglect d. In the =TT
duct regime, the losses are caused primarily by“friction drag. Thus, .
the general differential equation is reduced to the following two simple
differential equations' : P :
AT Hith friction drag =0, | ‘ _ . 7 . o
. . - =R D : B :
. 'dp y A - R | 4T i P
'15/11311 N. A., Thermodynam:l.cs of "‘luid Flow, Prentice Hall New Jersey,
R '1956 s S LT S 7
o ;:"\ .
.4—, \\/ﬂ.




With the form drag = 0, .

dP__ .__E,lﬁf;.,
il I T+ S =0 , | (15)

The solutions to these'equations can be found in standard thermodynamic
textbooks.15/16/17/ The most pertinent solutions using these equations
are summarized d and discussed in the following sections.

- The .s0lution of either equation is based on adiabatic (no heat trans-

ferred) flow in the air vent because both the length of the vents and

the flow durations are short. Therefore, the amount of heat transfer

which can take place is insignificant when compared with changes in air

K tanperature. In addition, the air ie assumed to obey the perfect or
ideal gas laws. This means that the ‘factor k, in the 2quation,

ot comsme oG9

‘remains constant. Actunally, the factor k is a function of both tem—
‘perature and pressure. However, for the temperature and pressure
.ranges which are experienced with air vent flows, the value of the fan
tor is essentially eonatant._

2. Inlet flow - Computations of flow quantities in. the inlet flow re~-
.gime can be carried out in two- distinct ways. First, the 'inlet flow
-regime can be considered as consisting of an accelerating zome followed -
by.a decelerating ‘zone, Figure 12A. The flow in“the accelerating zone
'is  characterized by varying area adiabatic flow with mo change in en-
tropy. The decelerating zone is characterized by constant area adia-

" batic flow in which changes in entropy are determined by integration .of
Equation 14. The drag term Di is defined as:

e

SR |
D1=—P.M20dA2

To integrate the equation, an expre551on giVing the. drag coeffitient,
ffC ; as -a: function of the Mach number is*required. Often C

lﬁlShapiro A. H., The Dynamics and Thermodynamics of 'ureeeihler
Fluid Flow, Vol I, the Ronald Press,‘New York, 1953. ;

l7/0bert, ‘E. F., ‘and R. A, Gaggioli Thermodynamics, 2nd Ed McGraw_
Hill New York 1963. .

ot

e




assumed to be independent of the Mach number and is given the same
value as it has with uncompressible flow (Ref. 15/, p 48). However,
the validity of - this assumption is somewhat questionsble.

A second and ‘probably the most accurate wvay of. determining the inlet

. ‘flyw:relations is to consider the entire region as being varying area

- adiabatic” flow (Ref. 15/, p. 120) The emergy losses (or increases in
‘entropy) -are expressed . through discharge and velocity. coefficients '

'which are determined experimentelly._ ‘ S

'Starting with an ideal discharge Mach number (no loss) at the end of .
‘the inlet region, the pressure ratio between the inlet and the stagna—
'-tion pressure outside of the inlet is: . 2

L 2

'~With this pressure ratio the compressible flow discharge coefficient
" can be: obtained (Ref.flﬁl, P. 100 Ref _1/, p 337, and Ref 18!)

fﬂ For ‘this® computation, the equation.

gfrom Reference 18 is probably the most:- useful. This:expression is an '
. empirical relationship :in:which the CDmpressible discharge coefficient
"is computed .from an experimentally determined”value of ‘the incompres—
;' .sible:discharge. coefficient. ‘Equation 19 1is- valid for pressure ratios
"4gless than the critical preSSure ratio. B A . :

""=1=—1- ( o o o A‘(2o)

R
G

'fjlﬁlAmnend W J D., Compressible Elow through Square—edged Orifices, '
vAn Empincal-Approximation for: Computer Calculations, Journal Hechanical
‘ : ol 8, No." 4, pp 448—449,*;1966.m _




“For larger ratios the following empirical relationship must be used to
‘ determine the compressible discharge coefficient:

2o 1-07(0 -0.1) (027+o.1c
'1,_'.Cih

'ﬁhen'thg cdmpressiblé dia;hargé'coeffiéiéhtlhas been determined, the
“;:ﬁ;ug:Magh-number-at-the;end}of'thg inlet gsection can be obtained from:

"'__fThe*fgiqﬁityfﬁoeffigienf isggiven'by:f

Rl

el = o2

”:ij&mﬁtb}agthéjxglocity;ét‘?dint“1 is'given1by§ .f-

A1l of these relationships are required to. compute the increase in en-
3_atr0py through the inlet region from the expression‘

,(

)k

vel




With no external work, the entropy expression is also equal to the

ratio of the stagnation pressures downstream and upstream from the in-
take, Thus:

B (@

Finally the mass flow rate through the inlet in terms of the true Mach
number at the end of the inlet region is:

M

K+l
(k-l)

o Ry

R ]

The various flow relationships expressed by Equations 18 through 26 are
given in Figure 12B. The mass flow rate is shown for a.vent area of
8,25 £t% (2,75 ft 'x 3.0 ft) and air temperatures of 40° and 60° F. The
" 40° F curves were used in the computer program. ‘A program to compute

o the values of Equatione 18 through 26 is given in the Appendix. .

'.30 Duct flow The flow conditions in the remainder of the air vent
-are described by ‘the equation .for adiabatic flow in a constant -area

"_cross ‘section in-which the losses are caused by friction, Equation 15.

~The complete set of equations ‘describing flow in this region are gen-

7 .erally referred to as the Famno Equations -after an early investigator

~in this field. The effect of ‘bends, changes in crose-aectional area,
"~ and .other : typee of form losses can be simulated by expressing them in

S an- equivalent length of air vent pipe. In this manner, an overall or

..,equivalent friction coefficient for the air vent is obtained. The
-Ufriction coefficient is. defined as: . BE 5 o

C,=F . (27)

_.Tablee of the flow properties are available for the Fanno Flow rela-
:"tionships in which the inlet Mach humber is the variable and the outlet
-~ Mach number is equal to l 0 15/16/__j The tables are based on the




following equations; the pressure at the end of the duct in terms of
‘the pressure at "1" is given by:

t N .
L K1 ® . (28

(e

' the friction factor 1s given by:

‘ - _ : K+1) M
fIhaz =_1 Ml + K‘+-l~zn_ ( ) 1

5 DR 2K o T -
D KM ‘ K-1 .2
BN * o ' _E!(i T M;)

'fThe pressure’ ratio, at the ‘duct exit when the Mach mumber ME is not
equal to 1. 0, 1s given by. _ R -

.“‘

L
W

___=( \ ( ) - IR - (30)
'ThcLcorresbohdiﬁgfffictioh”factdr is givencﬁy; R T 3
D_ } L v-. . ..

by ‘nritical ptessure ratlo - Both experiments and -the flow equations
*indicate -that the flow rate: reaches a maximum value for some given ra~
-‘tio :of the inlet :to outlet. pressures. This:ratio is known as the’ Yerit-
dcal- ‘pressure ratio." If the outlet pressure is decreased after the
critical pressures ratio is reached, the flow rate does not increase,
‘but ‘remains censtant. ‘When the critical pressure ratio is obtained,
..“then snmewhere in the air vent a Mach number equal to unity (or a shock
- wave) ‘has .developed. At the ‘critical pressure ratio with inlet flow,
- the shock ‘wave forms at the location of .the vena contracta. if however,
?a 1ength of duct is placed downstream from the inlet and’ the critical




pressure rntin is maintained, then the shock wave can form at the exit
of the duct: instead of at the vena contracta.

For ideal flow through a frictionless nozzle, the value of the critical
pressure ratio is 0.5283. However, the value of the critical pressure
ratio is less than 0.5283 when friction losses or inlet losses are
significant, The critical pressure ratio considering only friction
losses for a specific Mach number at 1" can be obtained from Equations
20 and 28 using the relatiomship:

P; .Pl Pe; (
Po Po Py . :

The friction coefficient which corre5ponds to the specified Mach number
at "1" is given by Equation 29.

-'If both friction and inlet losses are to be considered, then Equations
25b and 28 must be uced_in conjunction with Equation 32.

The critical pressure ratios with and without inlet loss for ‘various
lengths of air vent conduits are shown in Figure 13. The values given
' represent a shock wave forming at the end of the air vent. The asymp-
‘totic lines (dashed lines on the ordinate) represent-a shock wave in
‘the vena contracta of the inlet region. The curves are referenced to
‘both the downstream stagnation pressure and the pressure at the duct
‘exit., Normally the critical pressure ratio is referenced to the pres—
‘sure at the duct exit and - the inlet stagnation pressure.f

G.. Adiabatic Expansion in Gate Chamber

The_‘adiab_atic e:_cpension of air in the gate chamber is baseni_,_ upna_n:'

H
i

Pvﬂ_ = Ca SRR R | o (33)
" The specific dir volumn, v, is computed for each time increment from
the equation !

R

R TV - b
: _ t+A% ; .
Yt+At" Wt+~3v-_ _ : b : - - (5h) |




where

Vol air volume at end of time increment

t+AL

-Wt = mass of air at beginning of increment

(v, + ”’w:.t) At

= change in air mass during time 1nterval from
time =t to ‘b+A‘b

¥V = mass flow rate through the air vent

The constant, C; , in Equation 33 is computed from known atmospheric

conditions in the gate chamber at the steady state condition before the
gate- begins closing.

“H. Gate Chamber and . Penstock Volumes as a. Function of Elevation

The air volume of the gate chamber and the penstock ‘above any water

' surface elevation is a function of elevation. This function is a com-
‘plicated algebraic-expression. Therefore, to simplify the computation, .'
the complicated expression is replaced with four linear equations. A.

' plot of the volume as a function of elevation is given in Figure 14.

RESULTS OF COMPUTATIONS

‘The -air vent configuration which was used in the final design consisted
.of a separate 2-foot 9~inch by 3-foot air vent to each gate chamber. _
With this design the maximum pressure drop in the gate chamber is 1.73
psi or 3.99 feet of water below atmospheric pressure, Figure 15A.

The-maximum air velocity in the vent-is 308 fps; Figure 158. Assuming

that the air flow approaches only from in front of the air vent, an

air velocity.of 101 fps will result at a point 2 feet distant from the

c.air vent intake. At 3 feet, the air velocity is reduced to 45 fps.
‘Therefore, personnel should be prevented from approaching nearer. than
about 4 feet -from the intake to the air vent.

. The minimum pressure in the penstockfand-gate chamber does not drop
below the vapor pressure of the water, Figure 15C. Therefore, separa-
.tion of the water column will not occur. o

o

21




‘From the.stanﬂpo:l.nts-of pressure drop in the gate ‘chamber, maximm air
‘welocity, and flow conditions in the penstock, the air vent, as de-
signed, is completely -satisfactory. " ' '

i
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ELECTRONIC COMPUTER PROGRAM ABSTRACT
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AUTHOR ?ALIVEY. n R N l N 4.171 Ly or IH?

" CARD i

e
R DATE

FORTRAN %_

|L1r|

0 015§ COMPUTER

STORAGE REQUIRED
.. N E |

APPLICATION CODE M
.,giwﬁ

DOCU MENTAT’iON

PROGRAM STATUS

TYPE
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LIST OF SYMBOLS FOR PROGRAM TO COMPUTE AIRFLOW INTO GATE CHAMBER

A. Maln Program

~ ABSPGC - Absolute pressure in the gate chamber (psia)
 AD - Cross~sectional area of lower section in gate chamber (ft 2
ADUCT - Array name for title
AG -~ Area.of emergency gate (£t
‘AGC-- Array name to store ABSPGC
-AP = Artay- name to store QP
“ AR - Array name to store QR
ARFAP - Cross-sectional area of peustock (££%)
AS - Array name to store WS ‘ ‘
AU - Cross—sectional area of upper section in gate chamber (£t
. AVENT - Cross:-sectional area of the air vent (£t3)
AVOL - Volume of air in gate chamber and penstock above the
‘ free water surface (££2)
AVOLRE - AVOL for steady state condition
C - Compressible discharge coefficient for air
CA - Array name for CD :
CD - Pmergency gate discharge coefficient
CINC - Incompressible discliarge coefficient for air
CKA - Accuracy to which the gate chamber pressure has been
computed (psi)’ _
CKB ~ Array name for CKA : - T
. CONST ~:Constant for an isentropic process : L
' DELT - Time increment for which computations are printed (sec)
. DELTIM - Time interval from nearest second to time when water
: leaves upper section of gate chamber or time when
_  water leaves lower section of gate- chamber (sec) i
"EK - Loss factor between 1arge and small sections of the gate
: chamber :
ENRTAP - Inertia in penstock - (ftlsec )
ERTAGC - Inertia iin gate chamber (ft/seca)
FP ~ Friction factor in penstock '
 FRICT - Friction coefficient in air vent (Eq 27)
'GCR - Time rate of emergency gate closure (%/sec)
. HCOL - WSREF minus elevation of entrance to lower gate chamber (ft)
I - Counter
J - Counter
- JFIRST - Integer to check for special conditions
. JN.- Counter
' .MACHA -~ Array name for MIR, see subroutine AMACH
‘MACHGA - Array ‘name for MACHGC
MACHGC - — Mach number at gate chamber end of air vent
'MACHIN - Mach.number .at ‘inlet end of ‘air vent




MINC ~ Percent accuracy to which Mach number must be computed
divided by 100
‘N = Counter
MLPS - Counter
NTIM - Coun..er
'P3 - Pressure at lower end of small section of gate chamber (ft)
Co PA — Array name for PP
L . PATM ~ Atmospheric pressure (psl)
‘PGA - Array name for PGO
‘ "PGC ~ Gate chamber pressure (ft)
. 'PGCINC - Accuracy to which gate chamber pressure must be
' computed (psi)
PGO - Percent emergency gate opening (%)
PIN - Pressure in inlet of air vent (psi)
PL - Lenpgth of water column in pénstock (ft)
PP - Penstock pressure (ft)
QGA - Array name for QGC _
© QGC - Discharge from gate chamber (cfs) ! K
'QP - Discharge from penstock (cfs) : R
QR. - Discharge through emergency gate (cfs) o
SPVOL - Specific volume of air (£t>/1by) : 5
SPWTA - Specific weight of air (lb,/ft3) . _ -
SPWTAG — Array name for SPWTA
T - Elapsed time from beginning of gate closure for which
‘output "is- printed (sec) :
TLQSS - Loss factor across - turbine
TOUT - Time at which water leaves large section of gate - -
' chamber ‘or time at which water leave: small section _ o
of gate chamber (aec) : " .
VEL2 - Velocity at which water leaves large section of gate
chamber; or velocity at which water leaves small B o
~ section of gate chamber (ft/sec) ' pE
vGe - Velocity of the free water surface in the gate chamber
(ft/sec)
VIN ~ Air velocity in inlet section of air vent (ft/sec)
VOLGC ‘- Volume :of ‘water -in gate chamber between last time
increment and time water leaves ‘the gate chambet (fta)
-~ [ VOUT ~ Air velocity in outlet section of air vent (ft/se.j
" N . YP -:Water velocity in penstock (ft/sec)
- 2 ", WS - Free water surface elevation in gate chamber or penstock - i
HSREF ~ Free water surface elevation in gate chamber for steady
i . . .state condition
WSTEST - Dummy variable to.check location :0f free water surface
' .in gate chamber -
iHTAIR - Weightsof air in ‘gate chamber and penstock (lb)
- WIFLA - ‘Airflow rate through-air- vent (lbmlsec) oy
" X -'Distance -particle of water moves in penstock after gate :
" begins closing (ft) .
0 A Distance water surface falls-in gate chamber after gate
begins closing (ft) : '

e

.

o
]

LTI




P

B. Subroutine Q ::i-. L ? o

GATEZ - Elevation of bottam of . emergency gate

“All”other symbols are defined in main program. S

f%Dnnmjivariablesiused.infthe gntegracion

i
X

for cime\interval H ,?T-ﬁﬂ“ - e
Incremental change in Vx determined from the integration "




D. Subroutine DELTD

ggtz_ Dummy variables used in computing the fourth difference
_.DEL3 of a series of five.quanticies
'DEL4 - The fourth difference
. A - An array of five quantities
ALl other variables are defined in the main'proéram.

E. Function FUNCTI

FUNCTI ~ The inertia of flow in the gate chamber (ft/sec )
PT - The pressure at the lower end of the small section of .
"~ "the gate chamber (ft) :
- PVAPOR - Vapor pressure of .water (ft) o
- "VHGC - Velocity head in the gate chamber (ft)
“VHP =~ Velocity head in the penstock  (ft)
VHR =~ Velocity head immediately downstream from the -
: emergency gatz

CMASX
~BA~Y: _ B .
‘CA-VX ~ = From Subroutine DE2

_DA~VY
EA-T
'rAll‘other variabiesﬁare defined in the main program.

N

“F. Function F’NC&Z ”gg

FUNCTZ - The’ 1nertia of flow in the peustock (fc/sec )

AB-X S
BB"_-Y S D %
,CB=VX - From Subroutine DE2
DB-VY - o
EB-T 0

,A11 other variables. are defined in the main program.

'-TG. Subroutine DEl

AL
‘A3
ARI-4

e




c3 ; | _ . .

. DELF % '
-DEL2F !

 DEL3F . . - s ,

- DEL4F : ' ¥ Dummy variables used in the integration e y
DELYX - - _ | Y _ , . -
SFC T : '
‘RT - . o | _ SR

‘K- - 'Same definition as in Subroutine DEZ
VK ="VP .in main program '
K= counter :

CERT
X

' 1All : o'tner variables are_ defined 1in ‘the main program.

H. :Function'FUNCT3

. 'FUNCT3 - The inertia of flow in the penstock (ft/sec )
" 'AC - X in the main program _ . )

e T

_“BC-VP in the main program - _ "3?.« S : ERE
DC =~ T in the main program - & : R T

. DQRDT - Time rate of change of Qk (cfs/secz)
-DWS - ‘Difference between free:water surface in penstock
.. .7 7. and tailwater elevation (ft) Co L
~ +GATEZ ~ Elevation of bottoii of emergency gate - e -
VHP - Velocity head in the penstock (ft) o _ R

All other variables are defined in’ the main program

S Subroutine AHACH

. .'AVOLU - Air volume above elevation ‘7113
©CK = Sum of all- the . terms in EQ 31 . .
- CKASAV- = Dummy variable to. save- “CKA
CRM - Dummy variable to'save CK - . )
"DCKDM-—:Derivative of CK with respect to ‘}IACHGC
. DEQDM -— Derivative of EQ.with' respect to MACH o
:'_"'-'fDMlI - Incrental change in. HlI ' o
: ,_-‘.;_',-‘Ratio between stagnation pressure at: end of inlet section"
in: air-vent.and atmospheric . pressure ‘ '

“ JEQ-= ’Evaluation of 'EQ:29 for a: given Mach’; number
'-'.':‘,DQLH = 'EQ.with:Mach: number = MACHIN S
RH- f-EQ-with Mach number = MACHGC '




IN _

K Counters

KK . .

M1I - Ideal Mach number in inlet section of air vent

MIR - Real Mach number in imlet section of air vent

-MACH -~ Dummy variable replacing given Mach number in the
expression EQ

MACSAV — Dummy wvariable to save HACHIN

m....

MOON - -

N~ Counters

NDO - 5 '

NWP - 4

PGCTRL Gate chamber pressure based on. Mach numbers {psi)
" PGCTST - Gate chamber pressure based on adiabatic expansion
: of air in gate chamber {psi)
.PGCSAV Dummy variable to save ABSPGC
PIN.~ Stagnation .pressure at end of inlet ‘region in air vent (psi)
R - ‘Ratio between atmospheric pressure and(pressure in inlet
section of air vent :
RADICL - Dummy variable used: in computing MIR: it
-RC = Critical pressure ratio 1n inlet section of airJvent
RNLUP - Dummy variable - ) I
ROOT - Dummy variable useéd in computing MIR - -

R
e

All other variables are defined in the main program,

COMPUTER REQUIRED

- The program conforms to USASI specificetions for FORTRAJ IV ‘and  1s ;com-
- patible with most computers using FORTRAN IV compilers.’ The program as.
written has been run on a Honeywell H#-800 and a Control Data CDC 6400
computer. : ‘ o

RUNNING TIME

d

.= With the CDC_6400, 18 seconds of central processer time and 7 seconds
input/output time are required. About 15,000 words of core memory are
needed for ‘the program. : o S

PrS
LT

‘With the Honeywell H-800, about 7 minutés of central processer time are
required for compilation and. execution. .Of this time, 3 minutes are
required for compilation. Core memory required is 7,378 words. '

]

v




| PREPARATION OF INPUT DATA

The input data consist of variables ﬁhich.the user will want to vary to
determine their effect on the solution. These irclude:

the time increment for which output is required

atmospheric pressure v

gpecific weight of air

cross—-sectional area of air wvent

air vent friction factor

emergency gate closing rate

accuracy to which gate chamber pressure must be determined

accuracy to which outlet Mach number must be determined for

a given inlet Mach number
title for the type of air vent studied

‘The first eight values of input data should be placed in Columns 1-64
of the first data card using an FB8.4 format. The title should be
placed in Columns 1-72 of the second data card using an 12A6 format.
The title should be centered about Column 37 of the title card.

The deck ghould be stacked according to‘the following diagramﬁ

- — — — ~ Data

— ws — ~Data Card

L[.L.q . _ Main Progr:m ond .
" "Subroutines

k— — —Control Card(s)




2
s
3
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MAIN PROGRAM 1/5

"COMPUTATION OF AIR FLOW INTO GATE CHAMBER DURING AN EMERGENCY
" CLOSURF OF GATES FOR THE PENSTOCK INTAKE STRUCTURE
MORROW POINT DAM

12 Xals!

REAL MINC ‘
REAL MACHA, LACHGA
. COMMON CD,DELTVX,DELYVY,ABSPGC, PATHqPGC HSREF,#COL WS+QR+QPy
.1PP|P3I50)-J
ol T 'thLQFP1TLOSSIAU1AD!AREAPOAG!EK
8+ " 3+6GCR+PGOJFIRSTs =
P ' 4”TFLA(50)$HACHA(5D)|MACHGA(50)
. =DeAVOL 9P INLG _ : .
L 69TI50) o dCk. B
J+ENRTAR(SQ) . L
C -BIMENSION ADUCT‘IZ)lQGA(SOI’ARI5OIvAP{5Oi1AS(5D)1AGC(SU)0
- ';IVINlED)oVnUTIBO)vPA(BU}QPGA(EO,|CA(50)1ERTAGC(50)9 _ g
Y SPHTAG{50) +SPVOL (50}
_'3CKB(50)'X(50!oY‘5D’1VP(50)!VGC(50)
1 READ{242)DELT, PATH.SPwTA.AVENT.FnICT.GCR.PGCIN 1HINC
,2 FORMAT (8F 84 4) :
3 READ!2.4)¢ADUCTtI).1 1-12)
”4 FORMAT (1246}
- WRITE(3+111}
' ;lllfFORMAT(lHl-//)

"INITIAL CGNEITIONS

-,cn- .9303049
PL= 4T71.

__-FP* -009

~ TLOSS= 82,75

- ‘AU= 148459 . .
o ADE o 46e6) - _ o : ' -
- -AREAP=. 14%.14 - o S =
e AGR 222wl o

“. QR= AREAP«SQRTt405.°64.41tTL055-1.+FPnPL/13-5+cAREAP/AG/CD:9#2))
ol 'PP- 9l. TS-IQR/AGICD)""ZIS4-4 o
QPR QR
f\;Ich = 0-. R

. WS PP L 7073.25

S espoBEL GO T

f1064647.]- 148. 59«ws
PWTA - # AVOLRE

JQ{ABSPGC= ijTM
o o iPINGS PATH ]
% MACHIN.= 0s
U MACHGC = .04
S PEC =R, 3n769uPATM ! o
. CONST = PaTH /. sprAuul 4
CUCkAZR Qe |
R 8 T PRI
‘EK-'GB
JFIRST= _;Q
CIDELTIM=,0,
NTIH‘YO;f‘ e




MAIN PROGRAM 2/5

'CDMPUTATIDNS 1IN MAIN LooP .
NTIM= NTIM®l .
., J5 NTiMel
NLPS= NTIM*40=J
'3IF(NTIM LE-I)GO T0: 44

. 'SECOND .TIME THRU
JFIRST=.2 - o
Tl E T4
QGAT1I) = QGA(41)
‘AR{1Y= AR (41}
- AP (L) = (AP (41)
ypl)I= VP {4L)
- NBC(L1ls. VGEC(4))
X(l)=:xtany.
s vial)y o
AS(1)= AS(41) -
. "ABC(1)= AGC(4)1) -
CYINCGLY = VIN(S]Y
- VOUttlis*vQUTtkli'
PBALL)= PGAL4L)
JCALL)Y®ICA(41)Y _
. “ENRTAP(l)=: ENRTAP (41F -
~ ERTAGC(1l)=. ERTAGC(41!‘
SoopAfl)= PA(4])
T 'MACHA(li--MACHAIAI! o
' 11MACHGA(1}='PACHGA(411
"SPWTAG(1) =" SPHTAGI#I)f
. gpVOL{1)=. SPVOL (41) -
"WIFLA{LY= - WTFLAL4LY
CkBlYy= CKB(QI’_.'

55:§93t1)-_93t411

__;J='J¢1 e
CUJNE Jel '
“IF (JFIRST. En 1360 T0 10 g S
.ﬁIF(JFIRST GE«6) GO TO 35 *.aj “f“ _
o iIF(JeLE e '6)BG:T0 30"
L MSTEST=" AstJ-ﬂ)-A-GDELTGIZ-*VGC(J 1)-VGC(J-2‘*2-
ileGC(J =3})73
" CIF{WSTEST.LE. 7087, 8)60 TD 35
IF(WSTEST. LE 1113 iGO 10 31
GO TO 30 oo

HATER SURFACE IN PENSTOCK
3S*IF1JF RST: EQ.6$GO 10 41
: R T_EG;T)GO 1042

TVOLBCAVGE CINY - RS T . i
“*FUNCTZSXIJNIthJN)qvthNiqVGC(JNisTtJN))“.

'llyDELTIM
WY VP vsc TqDELTIMvJN-JN)




MAIN PROGRAM 3/5

ne AStJ)= WSREF=Y{J)
K . Ws= AS(J) : :
- WSREF= AS(J) _ Y
CX(J) = .0, o
CALL AMACH(CINC.M:NC FRICT AYENT+DELTIMsPGCINC+WTAIR+CONST
1CKA) ‘ .
Go TO 7
41 DELT= DELT-DELTIM
I JFIRST= 7
- G0 TO 60
42 DELT= DELT+LELTIM
. JFIRST= 8
60 CALL DEL(XsVP+T+DELTwJN}
AS(J}= WS :
Go TO 70O

¥

€ :
C . WATER SURFACE IN LOWER GATE CHAMBER

37 IF(JFIRST.EG+3}G0 TO 38
IF(JFIRST.EQ+4)G0 TO 39
IF(JFIRST,EG«5)G0 TO 30
VOLGC= (AS(JN}=TL13,.1 .
TOUT= T(JN)+VOLGCZVGC (JINY -
YEL2= VGC(JN}+FUNC72EX(JN}OY!JN)QVP(JNIvVGC(JN)!T(JN))“
1¢TOUT=T (JN))
DELTIH- (AS‘JN)‘?IIE.’“2./‘VEL2*VBC(JN)}
T(J)= T(J=1}+DELTIM
CALL DEZ(XIY!VPOVGCOT!DELTIM!JN!JN)
© - JFIRST= 3
- AS(JY= HSREF Y(J) _ _ X
- W8=-AS(J) : - _
CALL AMACHICINCOMINC FRICTqAVENT.DELTIHqPGCINCqHTAIRoGUNST!
1CKA) . B : '
60 TO T
38 DELT= UELT-DELTIM
- JFIRST= 4
oy G0 7030 '
239 DELT= DELT*DELTIH
7 JFIRST= 5
Go TO 30

iv

.30 CALL DEZlKlYQVP!VGCvTQUELTvJNaJN)
- AS(J)- WSREF=Y{(J) |
“Ws= AS(J)
70 CALL AMACH(C!NCsHINtoFRICT'AVtNT,DELT PGCINC-HTAIRoCONSTq
" 1CKA) : ,
IF(JFIRST GE» 7)P3(J)= 2y JOI69°(ABSPGC—PATM).
6o TO 7

"ASSIMILATIOh or stuuTs

fQGA(l)' QGC
'ﬁAR(l)- QR :
'7EVP(1)- AP(I}’143 14
“VGECI1Y= 0.
L XLIE 0.
Y= 0.




MAIN PROGRAM 4/5

. As(l)= WS
. Ast2)= WS
- AGC(1)=ABSPGC
VIN(1)= D. - : T _ ..
YOUTAL)I= 0. b
-T(J))ﬂFLISZ.an-l v)

. ENRTARP{J) = FUNCTIIX(JquIJ)|VF(JIqVGC(J)
"ERTAGC(J)= FUNCTZ(K!J)»Y!J)|VP(J)QVGC{J)lT(JI)G(HSRtF =TL13.%AY/s . ©
L

1AD®2542) 8 (=121 /32.2

PGALL)= P&O
. CAtL)= CD - : ' ' »
Pa(l)= PP i .

MACHA{1)= Ca
'MACHGA(1l)= C»
SPWTAG(1)= SPWTA
SPYOL(1)= . 1s/SPWTA
‘WTFLA(L)= Ga
ckBtly= CGa
‘JFIRST= 2 =
6o TO 11 -~
CALL Q{GGC VP VGO)
QGA (J)= Q6C
_'IFIJFIRST;EQ.IGG)GO'TO[55
AR (J)= @R~ IR
AP (J)= QP \ _
. AGC(JY=ABSPBC = - ' ‘
- IF(JFIRST.GE.T) Go TO 8%
ENRTAP(J) = FuncrltxtJ).YtJ)-VPtJ!.VGCtJ)-TtJ))uPLfsa 2»( 1.
"ERTAGC (J) = FUNCTZ(K(J)qYlJ)1VP(J)1VGC(J)1T(J))¢(NS -7113.+AU/ o
LAD®25.2) @ (=141 /3242 L
o TF({HSeLEaT113. )ERTAGC(J)= FUNCTE(A(J)sY(J)va(J) vsctJasTtJ)) @
1oAU/An¢tw$-ToaT «8)8(=1,1/32.2 . e
Go TO 80 . ’
85 ENRTAP(J)=. FUNCTS(!(J)yVP(J)eT(J))*(&&l&.B-NS)IBZ .2
- - ERTAGC(J)= Ca - :
80 WTAIR= wTAIF+(wTFLAtJN)+wTFLAtJ))ﬂDELT/Z K R
IF(JFIRSTAEG,;3,0RWJFIRST, EQ.6)WTAIR= HTAIR+(HTFLA(JN) T s
1+wTFLAtJ))atnELTIn-DELT)/E- o o
% TF(JCKSEQe3IWTATIRE - uTAIR+thFLAtJ)-wTFLAtJN)3»DELT/2-
- gPWTAG(J)= WTAIR/ZAVOL - e ) e
o SPYOL(JY= 1. /=PHTAG(J) ; . T e
CpGALIY= PGO " _ : , P
CpAtdY= PP :
OCA(dIE €D . : ‘ - _ o
VouUT() = MACHGA(J)*S&RT(SZ-Z“SPVDL(J)*l.h“AGC(J’“l#h-) AR L
IF (AGC (J)..GEPATMIGO TO 20 ' - - L T
VINtJY = C02449.4“5QR1(1.-(AGC(J)/PATH)*“IZ-/T.)) . '
oo re0T0 21 . . o . S : o .
<20 NINAD = VnUT(J) RN S I
. 21 CKB{J)= CkA - ‘ : i e AR
'1-3;IF(JFIRST EQ, 10)50 TO 55 -
;L1&IF(J-LT.NLPS)GO To 45

“-f,,wnrra STATEFENTS‘FOR UUTPUT or RESULTS

Py

‘J-,ZIF(JFIRST EGanU} J J' B S :
QHHRITE(Svlai PhTFQSPHTAoIADUCT(I}11F1112}:‘_

$513“..



MAIN PROGRAM 5/5

12 FORMAT (1H148X+56H COMPUTATION OF AIR FLOW INTY THE GATE CHAMBER T

LURING AN s 16X+40H EMERGENCY GATE CLOSURE IN THE PENBTDCKe / 27Xy

218H INTAKE STRUCTURE / 27%,18H MDRROW POINT DAM /7 8X.22H ATMBSP - B

"3HERIC PRESSURE +12Xy 24H SPECIFIC WEIGHT OF AIR . / 138Xe F&e24 5H'P
4S1 v 23X9F6e4y 11H LB/CULFT. /7 1286 27}
WRITE(3413) (T(N)+QGA(N) JAR(N) AP M),AStnanGCtﬂ).VININ5-VDUTtN)-
IN=l+J} L
IF{JFIRST.E0«100)WRITE(34120)T(J+1)
120 FORMAT (4X,FEs145X%,38% VAPOR PRESSURE FORMED IN GATE CHAHBER )

13 FORMAT(5X,64H TIME Q @ . a WS GATE  INL .

1ET OUTLET /5X»64H : GATE RES PENSTOCK ELEV CHAMBER

2 AIR VEL °“AIR VEL /5x.64H CHAMBER -

3 PRESS /5%+64H (5EC) (CFS) (CF3) (CFS)

& {PSTA)} (FT/SEC){FT/SEC} //(QX!QFB 14F84241XeF8a 3!2F8l1}’
WRITE(3e12) PATMSPHTAL(ADUCT(I) o1=1412)
HRITE(S!IQ)(T(N)1P3(N)|PA(N}|PGA(N)9CA(N)1ERTAGC(N)|[NRTAP(N)1N l!

-1J)

IF(JFIRST.EG:IDD)WRITE(11100)T(J*l)
- 100 FORMAT(TX4FE,145X+384 VAPOR PRESSURE FORMED IN GATE CHAHBER )
14 FORMAT(SX-SﬁH TIME  PRESS PENSTOCK GATE COEFF  INERTIAL TER
~1MS  /8XeSgH ‘ " AT 3 PRESS OPENING DISCH, _ GATE PENSTOC
“ZK_ /8X%Xv32H (SEC) FT) (FT) (0/0) //(7X1FB.112F8-20F8(11
- 3FB.4+2F844)) . '
WRITE(3.12) PATHvSPWTAv(ADUCT(I)oI 1+12)
HRITE(3915){T(N)lMACHA(N)qHACHGAlN)1SPHTAG(N)15PV0L(N)1NTFLA(N)Q'
1CKB(N) eN=14J) ¢

; IF{JFIRST. EGeIUOJHRITE(SIIUO)T(J*l) :

15 FORHAT(BX E6H TIHE "MACH NOWSMACH NO-SPECIFICSPECIFICAIR FLUNACEUR
‘1ACY /51156H AT AT WEIGHT VOLUME 7 RATE OF PRES

25 /8X%456H - .. INLET .QUTLET OQF AIR OF AIR cacce ¢+ A

38Xe56H° (SECY.  ° - LBrCU FTCy FT/LBLBMISEC IPSII /7
4(7X%sF8. 1-3F6.a-2F8.21F8 4) ) '
' NRTTE(3116)(GGA(J)-AR(J)-AP(J)wVPtJ)eVBC(J)vK(J)vY(J)cAS(J)o
YAGC () o VINCGJ) «VOUT(JY sPGA(J) sCA(J) +ENRTAP(J) sERTAGC (J) o
ZPAtJ).MACHAtJ)-MAcHGAtJ).SPwTABtJ)-SPVOLIJ).wTFLAtJ).antJll
' 16 FORMAT(1H1 s (9X+4E13+6)) _
JF{JFIRST,.EC+100)60 Y0 111G
o IF(NTIM4LFal)60 TO 40 :
- 110 CONTINUE
. 60 TO 1
END




SUBROUTINE Q@ 1/

SUBROUTINE G(QGLsvP,¥GCY -
. "REAL MACHA ¢MACHGA _ _
© "DIMENSION: VP {50) +¥GC£50) _
. COMMON €D, JDELTVXs DELTVY ABSPGC.PATM'PGC.NSREF HCOL +WS5¢QRsQP,
o 1PPaP3(50} N ‘
f“‘2¢PL=FPqTLOSSqAUoADoAREAFuAG.EK -
3y GCRIPGONJFIRSTY
-*vﬂauTFLAtSOI‘MACHAtsn).uACHGAtsoI
- 5¢AVOLaPINGC ‘
64 TAS0) «JCK
\74ENRTAP(Sp) .
T ps VP (NYSAREAP -
" IF(JFIRST.GT+6)GO To 3
S0 TQGCRYRC NI BALU o
o IF(JEIRSTS GT.aiQGc- VGC(N)ﬂAD
=60 TO & o
3-Q6C=0.. .. - o :
4 QR=QP=QGC. o o ; ' :
~ 1IFAJFIRST. GE.TIQR- AsﬁcnusnRT(6#;4#t91.75-PGC¢2.30759oPATM1)
L 'GATEZ®= “7073.25+134 ;5¢PG0/s1004 ° : e
‘JQIFtJFIRST GE.7eAND, NE.GF.GATEZ}QR- AGﬁcnﬂSQRTt64.4°t91.75-PPfPac
1-2.30769°PATM)I s : L _ R
SRETURN - &
“CEND




SUBROUTINE DE2 1/2

SUBHDUTINE TEZ (XeYa¥XeVYoUsUELTeNeNT)
REAL MACHA(MACHGA
DIMENSION xtSO)vY(SD)'VxISUIvVY(SOWu.KT(5)eRKX(5)q
1RKY(511RKVX!5)vRKVY(SI!F(5)'G(5)1Ul501
" COMMON CD,DELTVX.DELTIVY. ABSPGCqPATHoPGC.HSREFqﬂCOLqWSyQR-GPq_
“1PP1P3(50).IEUD
2s+FL 'IFP'TLGSSQAU!AD'ABEAPQAGuEK
3¢GCR4PGO+JFIRSTY
4HTFLA(50)1MACHA(50)9MACHGA{50)
S+AVOL+PIN.C
6+T(50)4JCK
T+ENRTAF150)
RKX(1)= X(N)
RKY(L)= Y(N)
RKVX{1)= VX (N)
REVY{1)= vY(N)
IF(JFIRST.EG-Q)RKVY(l) RKVY(I}“AUIAD i
RKT(L)= T(N) _ «4 '*@
H= DELT/5. :
Fil)= FUNCTltRKX(l)vRKYtll1RKVX(1)1RKVY(1)-RKTII))
Gti)= FUNCTc(RKXIl)vBKY(IJoRKVth)sRRthliualT(I)l
- DD 100 K=144
ARLl=E RKYX¢{K) #H
ALl= REVY(K)#H
AM1= H*FUNCTI(RKI(K)lRKY(K)sRKVX(K)qRKVY(K)’RKTiK))
APl= H*FUNCTZIRKX[K)oRKY(K)qRKVX(K)1RKVY(K)1PKT(K))
AK2= (RKVX{K)+AM1/2,3%H ' .
AL2= (RKVY{K)+AP1/2,)H
. Al= RKX(K)+AK1l/2.
‘B1= RKY(K}+AL1/2« P
Cl= RKVXI(K)+AM1l/2,
Dl1= RKVY(K)+APLl/2.
 E13 RKT(K)+h/24a ' .
“AM2 = FUNCTl(Al-Bl-Cl ‘D1eELl)#H
AP2 = FUNCT2(AlsBlyCl,D14EL) 40
AK3= (RKVX{K)+AM2/2.})%H '
‘AL 3S (RKVY(K)+AP2/2.I*H
A= RKX(K}*AKZIZ.
B2= RKYIK!#&PZIZ-
c2% RKVX(K)*AMZ/Z.-
D2= RKVYlK)*APZ/Z.
. E25 RKT{K)+H/2, _
‘AM3 - FUNCTl(A21521521U?tEZ)°H
AP3 FUNCTc(A20321C2|U21E2)°H
T AKA= (QKVx(“)*AMB)“H
< CALGE (REVY (X )+AP3)#H
. A3= RKX(K)+AK3
" B3= RKY(K}+AL3
=pC3-‘RKVX(K)+AM3
'giDS"RKVYIK)+AP3
“IE3= RKT(Ky+H -
CAM4 = FUNCTl(A31531C39D10h3)“H
'}AFA =_FUNCT;!A31831C31DB|E3)°“ =
DELTX = (AKI*Z.“AKZ*Z-*AKB*AKQJIﬁo '
e DELTY = (AL1*2o#AL2%2«2alI*ALA) /B0 .
'FJDELTvx- (AM1+2,0AM2*2, BAMI*AMA) /6,
DELCTVYS (AP1+2,9AP2+2.%AP3#APL) /6,




SUBROUTINE ©DEZ2 2/2

RKT{K+1)= RKT{K}+H
RKXEK+L1)= RKX{(K)+DELTX
RKY{K+1)= RKY(K)+DELTY
RKVA(K*1) = RRVX{K)+DELTyY
RKVY(K+1)= RKVY(K)+DPLTVY
FIK+l)= FUNCTIIRKX(Ktl).RKY(K+1};RKVX(K+1)1RKVY(K+1)-RKT‘K*I)I
Gik*1)=. FUNCTZ!RKX(K*IJ.RKY(K+1)vRKVX{K+1}qRKVYlK+1)vRKT(K+1)l
CONTINUE

'CDRRECTION_OF.THE.INTEGRATION-

CALL DELTD {(F+DELF+DEL2FJUEL3F+DELSF)
‘CALL DELTD (G+DELG+DEL2G+UELIGABEL4G)

CRKVX(2)= RKVX(L)+H& (P (1)+DELF/24~DEL2F/12,+DELIF/24.=DEL4F /7404
RKVY(2)= RKVY(1)+H“(6(1)*DELG/Zg-DEL26/12.+DELSG/24-—DEL4G;40 )
RKX(2)= RKX(1)+H# (RKYX (1} +RKVX(2))/2s :
RgY(2)= RKYl1)¢H“(RKUY(1)+RKVY(2a)/2-

‘Do 10 J=1.,3

Frd+l)= FuNCTltRKx(Jfll RKV(J+1).RkvxtJ+1)qRvatJ+1).RuTtJ+lll
GlJ+l)=. FUNCthRxxtJ+11.RKYtJ+1:1RKvx¢J+1:quvth+1).RKT(J+1)1
REKVX(J*+2)= REKVX (J)+(F(Je2)*40F (J+1)+F (J))#H/3,

CRKVY(J+2Ys REVY (D) + {0 (Ja2)+44096(J+1)+6(J))H/3. -
‘Fe= FUNCTI(RKX(J*2)*RKY(J+2)oRKVX(J+2)oRKVY(J+2)vRKT‘J*2)J
GC=' FUNCTz(RKX(J+2}sRKY(J+2)gRKVX(J+2)1RKVY(J+2)vRKTfJ*Zl)
REVX(J+2) = RKVX(J+2) ¥(FC=F(J+2))9H/3.

RKVY (J%2) = RKVY (J+2) ¢ (GCeG{J+2)) 8H/3.
REX(J+2)2 REX(J+ L) *HA(RE VRS 2I+RKVX LJ+1)) 72
L RRKYAJe2)= RKYtJ+1!+H“(RKVY(J+2)¢RKVY(J+1))/2-
- UF(J*2)y= Fe oo g . 5w .

64Je2)s 66 ' N
.HRITE(B'ZOJ(RKT(i)uRKKtI)eRK“(I)vRKVX(I)uRKVY(I)sl 1-5)
:FORMATth 1.510 3,3IF9.4) ' :

':_FORHARD INTEGRATION

o VX (N+1)= RKVX(#’* Hﬁ!Z.oF(:)+tF(3)-2.oF(2)+FI1))/3-*Fi5}-F(2)‘
T le3seF (3 =3a0F(4) ). -
O VYEN+Ll)= RKVY (&) + Hutz.ust5)+t6(3)-2 ¢5t2)+5t1:1/3-+5¢51-6t2)

143,96 (3) =306 %)) :
X{N+1) = RKXi4)+H*(2.¢RKVXt5)+(VX(N*l)-E.ﬂRKVX(5)+RKVXtﬂ))/3-
. YAN*1)= RKY(4)+H® (2, “RKVY(S)*(VY(N*I)-Z onxvvt5J+vavt4))/a.)
.thN+1)- TIN)+DELT
, FUNCTl(X(N*l)qY(N*l)|Vk(N+ll1VY(N+1)1T(N+1))
: GL‘ FUNCTE(X(N+1)1Y¢N+1}|VX(N+1}wVY(N+1)0T(N+1)l
VX INRLIS REVXL4) +HO (PL4) +4.9F (5)+FL) /3,
COVYAN*1D) S RKVY.(G) +HO (B (4) +4 %G {5} +6L) /34
L X AN®LY = REX(4)*HA(RKVX (4) +4, PRKVE (S +VX(N+1)) 73,
Y AN*L)Z RKY (4) #HBIRKYY (4) +4 s 8RKVY.(S) #VY.(N+1)). /30
. OFL= FUNCTLOX(N®L) oY (N€1) o VX IN#2a VY {N+1) 2T (N+1))
CBLE FUNC72(X(N+1)uY(N*l)'VX(N+1}oVY(N*l)vT(N*l))'
RETURN - ‘ “ F
o

-

: :;‘ ..ENIJ.




SUBROUTINE DELTD 1/}

. SUBROUTINE LELTD(A+Bet UeDELS)
REAL MACHA MACHGA
'‘COMMON CD. DFLTVX1DEL7VY ABSPGC PATM1PGC.WSREFOHCDL!WS!QR 'GP 4
!1PP:P3(5011J : .
' 21PL!FP"TLOSSIAU!AD!AREAPQAGOEL
~ 34GCRaPGOVIFIRSTs -
;~4NTFLA{50}1MACHA(50)1MACHGA‘§ON
59AVOLSPINLGC . - x
“69T.A50) ydCK.
y71ENRTAP‘50$
'DIMENSIDN A(S)-DEL(#)qDELZ(SIvDEL3(2)
Dol 1=l :
DEL(D)= A(I*II-A(I,
Do.2 K=ly3 -
ﬁDELZ(K)—-DEL!K*I)-DEU(K}
- DO C3dE=le2
SDEL3tIKY =S DELZ(JKQ-I)-DELZ(JK)
. Bs: DEL (L)
. = DEL2(Ly
Co D= DEL3(1 '
.}DEL““ DEL3!¢}-DEL3(11
. 'RETURN - -
. END




FUNGTION FUNCTI 1/}

FuNCTlON FUNCTllAA.BAwCAoqu‘A)
‘REAL MACHA 4MACHGA
'COMMON CD DELTVX4DELTIVY. ABSPGC1PATM.Psc.wsnEF.4c0L.ws.nR.nPq
__1PP4P3II50).4Y - ‘
"'a.PL.FP.TLoss.Au,An.AaEAP.AG,En
_3|GCR1P600JFIRST'
- GWTFLA(S0) , HACHA(SD)qHACHGA(EO)
S3AVOLPINGC
BaT(50) 4 JCK
'7.ENRTAP:50)
‘PGO= 1004=GCRUEA
"IF {PG0.LE.0-)60 To 100
202 (1+049E=04)+(T74062E=03)#PG0= (5., B30E-05)¢Pso¢¢z+(z-396E 06)
1¢PGO°¢3-I3.=755 05)#950on4~(1 9375-10)#?@0#«5
g 60 °'TO 101 '
w_"IODiPGO- 0a”
¥ 101 VHP= CAe®#2/t4e4 %
L VHGC= DAwe2/64+4 - '
- 'VHR= (C“-DA“AU/AREAPI““ZIBQ 4 '
S CIF(JFIRST . GE a:VHR-ICA-nAuAU/HREAP)wuazea 4
PP= 9]. TS-VHP°(2--VHH/VHP)*VHR“(1--‘AREAP/AG/CDJ“GZ)
1P LDALLT, O yPP=91, T5aVHP® (10, 34#(ABS(AU#DA/AREAP/CA)-.18)0u3¢.15uu
13u10.34*1 )*VHR°(la—tAREAP/AG/CD)u*Z)
PT--PP*VHP#(4-°DA9AUICA/AREAP-'dc-(AREAP/ADJ°°2)“(AU°DA/AREAP/CAI
1002) =VHGC o (AU/AD) ##2-13.5
“1F (JFTRST.GE s4)PT= PP+VHP# {44 cDAaAn/CA/AREAP (2.-(AREARIAD)“°2)_
1*(AD#DA/AREAP/CA)#“EI-VHGC-ISoS e S
_PVAPORE 43522,30T69¢PATY - _ ' L K -
IF.(PT.GT.PVAPOR)GO ¥O 400 , ] “ o SRR
“PT= PVAPOR . )
:‘ PP= PT-VHPota.dDAoAU/CA/AREAP ta.-tAREAP/AD)ﬂoa) tAuuDA/AREnPICA)
- 1d¢2)+VHGC¢tﬁu/An)aag*13 5
. 1F (JFIRSTLGEs4) PP PF~ Vthta.anAnAD/CA/AHEAP-ta.-tAREAP/AD)¢¢2)
'_1n¢AD°DA/AREAP/CA!n¢21¢vusc+13.5 : _
o JFIRST= o100 . = : o
400 P3(J)= PT S
S CFYNCTLS! 32.2/PL¢tPP-vHP¢tTL055-1.¢FPoPL/13.5)¢313.251 VA
CRETURN . ' o
END . -




FUNGTION FUNCT2 1/1

FUNCTION FUNCTZ({AB+BB+CBeLB+EB}

REAL MACHAMACHGA:

COMMON CD.DELTVXaDEL1VY;ABSPGC1PATMaPGCgHSREFuﬂCOLnHSyQRqﬂPa
1PPsP3(50)4J S - o
- 24PLsFP2TLOSS ¢AUsADAREAP 1 AGHEK

34GCRsPGOLJFIRSTy
“4WTFLA(50) JMACHA (50) «MACHGA (50)

5rAVOL+PINGC - - '
6eT(50)«JCK
TJENRTAP(50)
. PT= P3(J) _

VHPE CB®®2/C4a4

VHGC= DB®42/64s% .

YHRE (CB=nBeAU/AREAP)IO#2/6be4 .

1FtJFIRST.GE«4) VHRS {CB=DB2AD/AREAP) #82/64e4 _

PP= 91¢75=VHP#(Ze=VHR/VHP} *VrRY (1= (AREAP/AG/CO) #82) 2

,IF{DB.LT.D.)PP=91iTSQVHPﬁ(19-340(ABStAUODB/AREAP/CBJ-.IBI#“3*.18“*““ N
13¢1Ue34+]1,)*VHRE (1a=tARFAP/AG/CD) #%2) - o S

PT=fPP+vHP°(4-#DEnAUJCE/AREAP-tz.-(AREAPfAD)“#z)ﬂ(AUﬂbB/AREAP/CBI

1942) =YHGCo (AU/AD)o9Zal3.5 ‘ " : - :
IF(JFIRST.GE«4)PT= PP+VHPﬁi#;#DBﬂAD/CB/AREAP-(a--(AREAP/ADI#“23 '
14 {ADuD3/AREEP /CB) 602} =VHGLT13:5 - _ ' .
‘PYAPOR=. ,35=2,307694PATH ' o = '

IF(PT«GTsPVAPOR)GO TC 400

PT= PVAFOR ' : ' '

PP= PT-VHP«ca.uDBaAu;cB/AREAP-(zs-:AREAP/AD)*uz)a:AuuDB/AREAP/CB:
1002)+VHGCo {AUZAD) @#2+13,5 - S o)

,IFlJFIRsT.GE14)PP='PT-VHPut4.oDBuAD/CBfAHEAP-(2.-(AREAP/AD)“*2}

10 (ADoDB/AREAP/CBY®a2) +VYHGC*13:5 ] 1 ,
- JFIRST= laO .

400 PI(IN = PT : .

IF(JF1RST.GEs4)G0 TC S00 ' '

FuNCT2='32.2/tHCﬁL-BB+2a.2&#Au/AD)o(PGc-z.307694PATH-PT*HCUL
1a@B+26025=YFGCH ( (AUZAD) 402914 #EK® (AU/AD) #92)) L

RETURN = g - : . :

,500“FUNCT2=-32.2“ADIAu/(26.25+HC0L-BB)b(PGC-a-30759#PATM*26925fHC0L

_1'BB-VHGC“(HCOL*ZbéZS'BB)“FPIZ}S#“(AUAAD)QHZ-PT) o

RETURN ’ ' ' ‘ : E

e

.600 FUNCT2=.32|EI(HCGL'BB*lAUIAD)*26-255“(PGC-2:3GT699FATM-PT*HCUL 5

1=BB+26.25~VHGEC*{
__RETURN
“END

» B (AUZAD) #¥2ely))




'SUBROUTINE DE! /1

SUBROUTINE .DPEY(X9¥XeDsDELTL)
REAL MACHA-FACHGA
" DIMENSIOQN XISO!sVXISG)oRX(ElsRVX(EIsRT(5).RFt53|F(5)-U(501
. COMMON- CD.DELTVKQDELTVY ABSPGCQPATH;PGCoHSREF14C0L1HSvQR10P1
T 1PPeP IS0 o NLT
. 2¢PLeFP+TLOSS, AU!AD1AREAP;AGQEK o
. 34GCR4PGOLIFIRSTs
-4HTFLA(50)~MACHAI5D)-HACHGAIEU)
 BeyAVOLsPINLC
© 1 6eT{B0)+JCK
:7|ENRTAP(5D).
: = NUT=1 -
”"“RI(I)-‘X(N) .
C o RVALLYE VXIN)
- CRTALYI=E TANY
‘W= DELT/5.
RF(1)= FUNCTS(RX(I)!!VX(I)oRTili)
Do 100 K=le&'
o AKYE FUNCTB(RX(K)qRVl(K)lRTIK!)“H )
:LAI- RX(K)+RVX(K)*H12a+AKI¢HIB.,_ A
L B1= RVX(Ky+AK1/2, . -
- CYIERTIK)Y+HA2e .
Co o rAK2= FUNCT3{AleBl, CllﬁH
“'1?52"RVX(KI+#K2/2- L '
'-_;AK3- FUNCT3(Al.B24,C1lioH
A3=E’ RX(K)+RMX(K)°H+AK3°HIZ-
- Ba=: RVX(K)tAK3 ;
€37 RTAK)+H - :
CAKGE FUNCT‘(A3cB3-C3IGH '
PDELTX-.Hﬂ(va(Ki*(AFL+AK2+313)/6 )
CDELTVX= S (AK1+2 BAK2*2, ﬁAK3*AK4116-
- RX(K+1)= RX(K)+DELTX
: TRYXAIKeLYES RVX(KI*DELTVK B
© RT(K+1)= RT(K)+H - '
RF{K+1l)= FUBCT3(RX(K#1) RVX(K+11|RT(K*1))
- CALL” DELTn(RVXoDELFqBELquDEL3FqDEL4F) : :
© RX(2)= Rxtll+Hh(RVX(1)+nELF/2n-DELZFI12.+DEL3F124.-DEL4F140-)
~ 'CALL ‘DELTD(RF+DELF¢DEL2F +DEL3F+DEL4F) '
‘a-*eRVXIZ)' RVX(1)+H“¢RF£1)+DELF/2--DEL2F/12.*DEL3F/24--DEL4FI40 )
fiee o [o J0u0 N B D R R _
%ﬁRF(J+1) FUNCTS(RX(JtlicRVX(J*ll-RT(J*I)) o
CCRVXAJHR) = (PF(J*21+4.°RF(J*;)+RF(J))*H/3-+RVX(J)
TRX{Je2) = tnvx(J+2)*4.¢RvX(J+1)+RinJ))°H13-+Rx(J)
:NRITEtS'Zn)(RT(I).R!!I);RVX(I)qI 115) '
ﬁFORMATtFE ‘1+EL10e3.FYyed) S ‘ _
V'RF{5)=-FUNCT3(RX(:)cRVX(S)oRT(E)I
VX IN®LY = RVX(Q)+H#(¢.“RF(5)+(RF(3)-2.#RF(ZlﬁRFtll113-+
1RF(5)-3 aRF (4)+3,8RFL{3) ~RFL2)) - .
IR INRL) = R!(ﬁ)+H*(2-ﬁRVXIS)*tﬂvx(3)-2-¢va(2)+RvX(1i)(3-*
glRVX(51-3-“RVXG“)*S-“RVX(S)vRVX(Z)) ce
: JN*I)"T(N)*DELT e L
,FUNCT3(X(N+1)nVX(N*l)vT(N*l)l '




FUNGCTION FUNCT3 1/t

- . ~ FUNCTION FUNCT3(ACBC De)
- REAL MACHA MACHGA
COMMON CD, DELTVX-DELTVY.ABBPGC PATM,PGC.HSREF,HCOL.ws.nR.QP.
PR 1PP4P3(50) +J
D _ ZcPL-FPsTLOSS.AUoADqAREAP.AG.EK
- : 345CRPGOG IFIRST
: _ 4WTFLA(50) sMACHA (50) s MACHGAL50)
. 59AYOLPINLC
e BeT(50) +JCk
7+ENRTAP(50)
JN= J=1
PGO= 100,~GCRGDC
IF(PGO.LE.D.}G0 TO 100
ep=s (1.049E=04) +( T2 042E~ 0310960—15.5305-05):PG:°42+(2 398E-06) o

19pGQBE3=(3, BTBE-Oa)upsonoqou 937E-10)ﬂp50ﬂ-ﬂ5 « .
6o TO 101
IOO_PGO- 0« |
. CD- -
g . rlal QRTST- AGHCDHSART (644 4% (91, T5+PGC-2,30T6F4PATH) ) o
- P BATEZ= 7073.25+13,58PG0/100 3

JIF(WS«BToGATEZ)GRTSTS AG*CD“SQRT(SQ-QG(QI  75= PP+PGC-2-30769“PATH)I
w © DT= {DC=T(UNY)Y . ;
gk . ~1FiDT. LEsDs) GO TO™L"

— -'*"1nunn1-.(nn-nnrsr)/01

WSS 708748 (ACOAREAP < (2. ﬂQRTST-DQRDTQDT)#DTAZ ) 169649 |
CIF(WSeGE4TOET+8)}WSE 108748 :
IF{WSeLEs7073.25)WS= T073. 25-IAC“AREAP'(2 *QRTST'DQRDT“DT}“DT/Z-
1-7229 9) /143,414 . ‘ :
1 VHP= BCW®2/Ehe4
“IF(WS.LE,7073.25)PL= 1. 14“”5-7652 08
DWS= 313425
IF(WS+LE47073.25)DWS3" WS'&IBO-
‘PPz '2.30769% (ABSPGC=PATM) Py ' _ oo P
IF (JFIRST EQ2TeANDsD74LE. (19E=30))PPFRST= VHP® (TLOSSr1,+FPePL/
113-5)-DH5-ENRTAP(JNI ;
JF(WS.GE,7073, 25)PP=.IH5-7OT3 25)“PPFRST’14 55#2 307699(ﬂBSFGC-

" R C1PATM). i Do
SRR TR FUNCTA3= 32-;/PL°(PPWVHPﬂ(thSS'l.*FP*PLIl3 5’*DHS) : i % I
SR . WRITE(342)WS5+DRRDTICDFUNCT34QRTST DT A W .

‘2 FORMAT(2F8424FB+ 4-2E11.ﬂ1F804) : '

l . .RETURN. s

St LUEND

5.

NN :




SUBROUTINE AMACH /4

:SUBROUTINE AMACH(CINC +MINCoFRICTsAVENT+DELT9PGCINCoWTAIR9CUNSTy
1CKA)

REAL HlReHlI|MACHIN0HACHGC1HACH|HINC.MACSAV

'REAL MACHA (MACHGA :

‘COMMON CD, BELTvngEL1VY.ABsPGc-PATM,PGC.MSREF,HCOL-ws.nR.uP.
IPP+P3I(S0) 4

 2ePLIFP2TLNSSAUCADYAREAP 1AGIEK

3¢GCR+PGO4JFIRSTy

WWTFLA{S0) +MACHA{50) sMACHGAL50}
‘S5e¢AVOLPINLC
6eT{50) 4JCK
“74ENRTAP {5p)

Eqa{MACH)= t1.~MACH¢92)/(1 4*MACH4421¢.8510AL061tl.zvuAcHuuz)/
1{1.*. 2*MACH¢u2))

JINS A=l - :

HACHIN‘ MACHA {J=1)

MACHGC= MACHGA (J=1) '

"IF (MACHIN.LE, (14 E-Bcl)MACHIN'.OUUI

‘M1152.9MACHIN :

JCK= ‘1 -

“BMII= MALHIh/lo.__

COMPUTATION oF AIR VOLUME IN GATE CHAMBER ANU PENSTOCK

RC="1 /{1s2)083.5

AVOL-71064647.-AUOHS

CAVOLU= 1064647, =AU®T113, ‘

IF{WS,LE,T113,) AVOL® AVDLU*(Tlla.-HS}“AD

IF(WS.LELT08T.8) . "AVOL= -AVOLU*25, 26AD+(T087. B-w51“496.9

IFtws LE.TUTB 25) AVOL- AVOLU*25. zoAD+7230.¢t7013.25-w5)uAREAp

“COMPUTATION' OF THE PRESSURE RATIG.THE COHPRESSIBLE DISCHARGE
CoEFFICIENT. THE -REAL MACH NUMBER AT 14AND THE AIR FLOW RATE
GIVEN THE IEEAL HACh ‘NUMBER AT THE BEGINNING oF THE DUCT REGION

CNLUPE 1. E
PGCSAVE ABSPGC |
‘DO 60-°NDO=1+100 - - :
R-_l /t1.+.¢#M11ﬁ¢2)6ﬂ3 5
‘1F((R/RC)«LE41e)GO TO 21
c--l.-.sutl.--zautl ZR-l.)l(l-lRC-l 1)
Cogo T2 L - :
21°Cx lamyb{, 72--320t1--(R/RC)“°2))
‘22 'RADICL= 1, +-8ﬁC¢¢2°lH116*2*.20H1IGﬂﬂ) '
~YROOTS SQRT(HADICL) :
'f *M1R= SQRT (= 1.+RO0T)I-4)
‘ HACHIN- MIR
LEENTS (COMIT/MIR) 8870
:IFtﬂll-LE De 001)ENT- 1-
PINS:ENTOPATM .

WTFLALI)=5, 925*AVENT°PATH°ENT°H1RI(1 * JGMIR*¢2)¢°3” '

ICONPUTATION OF HACH NO._AT OUTLET OF AIR DUCT"

& FlHACHIN .GT-.OUOS) 50 TO 1115
}HACHGC"'MACHIN :
’{_:GD TO 97 T




SUBROUTINE

'EQRHZ EQ({MACHIN)
.EuLH- EQ{MACHGC)

Ck = EQRH = EQLH = IRICT
IF(CK) 4034574401
MACHGC = MACHGC = 401
IF{MACHGC) 40414047405

3 -MACHGC = MACHGC * +03

IF(MACHGC = 1,)405428Y4280
"MACHGC = (MACHGC * .01) / 2.
‘EQLH= EQ (MACHGC)
CKM = EQRH = EQLH = FRICY
De 96 X=1,100

T 1F (CK) 4pTe97e406

IF{CKM) 554974409

‘IF (CKM) 408497455
MACHGC -= MACHGC + 03}
IF(MACHGC w 1,)410428Y4280

9. MACHGC .= ‘MACHGC = 401

IF (MACHGC) 4114411+410
'MACHGC = . (MACHGC *+ ,01) 7 24
‘EQLH"EQ(MACHGC)' '
=CK = CKM.
- CRM = EQRH'- EQLH = FRICT
 CONTINUE

-!'COHPUTATIDN DF HACH OUT BY NEWTONS HETHOU

CK = CKM_

IF(CK} 1064974105
_MACHGC" MACHGC = 401
© "EQLH=_EQ(MACHGC) - o
©CKk-+=:EQRH = EQGLH -.rRICT L
Do 95 KK = ‘14100 ‘

IF(ABS(CKIEGRH) sLEs -MINC) GD 10 97 -

DCKUM = (1, = MACHGC®o2) / (4 T*MACHGCﬂﬁa . .14nMAcnscna5)
MACHGC = MACHGC = CKADCKDM

IF(MACHGC.LEe04)GO TO 203

- ZIFIMACHGC.GTs14}6G0 TO 280
- EQLH=- EQ!MACHGC)

-CK = EQRH wEQLH - FRICT
‘CONTINUE -
60 70 97

*ﬂchpUTATInN OF - AIR FLOH RATE HITH MACH 1 AT DU.T OUTLET

0 MACHGC= 1.0 . R

CUOMACHIN S 0e i T

D0 /296 N=1+100 R - | SRV
“MACHIN .= MACHIN + .05

S EQRH= EQ(MACHINY® ~ - |
ujﬁIF(EQRH-FnIC?)E&Z-B?;E?e S
MACHIN = MACHIN = 408 . =

F.AMACHIN,LE.04)G0 TO" zna
QRHZ EQ(MACHIN) R

0295 ‘MM=1+100 °
FIABS(EQRH-FRICT}.LE.MINC)GO TU 31




SUBROUTINE AMAGH

‘ DEQDM = {la = HACHINOEZ} /7 L. TH#MACHIN®®3 + s 140MACHIN#8D)
"MACHIN = MACHIN = (EBRH = FRICT)IDEQDHOt-lo}
‘EQRH= EG{MACHIN)
"CONTINUE
.CONTINUE ;
M1I= MACHIRN+*,3
-MACSAV= MACHIN
D0 2 MOON=1+50
" R= le/{lgeg2bM1lIca2)ae3,5
'IF((R/RC) LE;1+)GO TO 11
- JC— 1--.50(1---28¢11-3R-1|)l(l /RC'l ’,
- @g.70°12 - -
€2 lewada(, 72-.32“‘10'(RIRC,“*2!)
-RADICL=E 1, *-66C°¢2°IHllobzﬂ.zﬁMllubﬂi
ROOT= SQRTIRADICL)
"M1R= SQRT (({=1++ROOT) ¥ 2&4)
ENTS (CaM1l/MIR) aeT,
- "PINZ_ENT®PATM
“ - WTFLA(J)= 5. 9250AVENT*PATM°ENT“M1R/(1 +.2'M1R“ﬂ2)°*3
CIF(ABS(M1ReMACDAV) o LE«MINCIGO TO 97 o ,
M1I= MlI=MINC/2Z2.
IF(MIRsLE. MACSAV)MII!HII*HINC
-CONTINUE

€ ﬁ ADIABAT!C EAPANSION oF . A!R IN THE GATE CHAMBER GIVES THh GATE
‘-ITCHAMBER PRESSURE PGCTST

97 PGCTST- tCONST‘(Z-“NTAIR*(WTFLA(JNI*HTFLA(JI3“DELT1**1 ﬂl/
I(ZaOAVOL)GOI 4
' IF(JCK EQ 3)PGCTST' CONST*(IHTﬁIR+HTFLA(J)°DELT)/AVOL)*“IeQ

| COMPUTATION OF FRESSURE AT END. oF DUCT FLOW SECTION
SN Pscm.--Pm»uncmnmncuecosnanm. .2*MACHGC)/ |
T L(14+a20MACHIN) ) 896) | C

“-1iHRITE(aqllRsCleRchi-ENT.WTFLA(J)qHACHINqMACHaC ..
- WRITE(344)PGCTST4PGCTIRL PIN.NTAIR.HTFLA(JN).AvaL.LONST
L :1"FORMAT (8FQs4)
.4 -FORMAT (3F9,44E10, 3.F9.4 ElD 3.F9.4)
[ CKA:=PGCTRL = PGCTSF
-“SABSPGC .= . {PGCTRL + PBCTST) / 2
. PGC= 1,153845 @ (PGETRL + PGCTST) - -
ﬁlp(Aas(FGCTpu-PGCTSTl.LE.PGCINC)GO T0 231
- IFANDOJEQs1)G0°TO 50
i TRANLUP +EQ2YGO TO!58 - - _
CDOMll= CKAaDPII/(CKAbnv-CKAL X
SIFR(NDOJEQ, Y. AND CKA.uE.n.)BMII-- -1 )OMIIIZ. .
METECMLITNMIT. :
IF.(MLTe LE (an-3OIlGG To 403
NLUPS (1
aCKASAV' CKA
iGO'TO 60




RNLUP--NLUP

oMLY MINCIRNLUP

-:NLUP=,NLUP*1
HACHA(J}- NIR
"MACHGA (J) =" HACHGC
,j#RETURN'

CPEND s

SUBROUTINE AMAGH
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COMPUTATIGN: OF AIR FLOw INTO THE GATE CHAMBER DURING AN
EMERGENCY GATE CLOSURE IN THE PENSTOCK=~
INTAKE STRIICTURE
MURRQh POINT DAM -

SPECIFIC WEIGHT OF AIR
«0596 LB/CU.FT,

ATMNSPHERIC PRESSURE
' 11+26 PSI

2FT~9IR.

BY 3FT RECTANGULAR AIR DUCT

R -
e
TR o

G
GATE

CHAMBER
(CFS)

a.
PENSTOCK

{CFS)

W5
ELEV

GATE
CHAMBER
PRESS
(PSIA)

INLET
AIR VEL

{FT/SEC)

CUTLET
AIR VEL

(FT/SEC)

1
2
3
4
5
6
17
8
9

10

11

12

) -
I =

-

o

OO0 O0ODO0DODOQOO0DOD 0D

- .0
3.5
12.9
26.0
39,4
'50;1
‘583

54,7
42,4

‘3SR
7.0

80,9

4647

53,1 |

59,1

64,0

67.7
T0.4

‘12,7 2

75.¢

T8.3 |
B2.5 |-
87.8 |2
94'25
101,58
quiT“V

1la.6

}'128}2‘;}
138,7 |-

1501

L leZ.e |
L IT6.3
s191.,5.
f203(2‘.
22625
248,77 |
-w?268.9 :
. 293, 2-”._ !

 2543,9

."5T7.3
46.5' .=2537l1
37.8

.2533,3

. 2528,5
- 2527.2

-1-9 O e

. 2495,9

- 24B7,9
’J296:.4
2416k

246045
_ ;2954 3

2544 .4

2543,2
2542 4,3
2544,3
2540, 4
2536,5
'2535|T
2537.,.9

' 2536,¢
2535,3
2534,4

2532.,2
2531!0
12929,8

2527 ,8°
2524 ,3
'252217
2521[1
251913

2515.4
2513,2
2510, 8
 250516
250246

249241

2473,0
2246f.

7162.65
Tle2.64
Tle2.59
Tl62.46
Tle2,.23
7161,93

71el.19
7l60.81
Tla0.46

7159,49
7159.64
7152.40
71s9,14
7158.84
7158,51
7158,13
T7l57.72
7157.27
7156.81
7156.33
7155,83

7154 .20
7153.59
7152,93

71s50.62
7149,72
T7148.75
7147.70

7145 ,32

7139.19

7155,31]
7156.77|

7152 .22}
7151,45

Tl46,56|.
T143.98] -
T142.52|
17140,93|

7137,30

11.260
11.260
11262
11.260
11.260
11.25¢9
11.259

. 11.259|

-11.259
11.25¢

‘11.260[

11.260
11.260
11.260
11.259
1l.259
11.259
11,259
1l.25¢0
11.259
11.258

11.259

'.110258

11,258

11.258
11.258

: 110256ﬂ

11.256
11.255

11.254

'11!255'

«0

~OOD®d~dddd U £ WP BBV W0

" @ B B2 & & ¥ S B . ® € % * S B 9. F 8 W E 5 " s " »

—
N

-

i

11.253|

11.252

11.251f

11.249

11,247

Ily245

11.242
11,238
“lle234

11,230

. ) .
~S = PP PO DDA
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COMPUTATION OF AIR FLOW INTO THE GATE CHAMBER DURING AN

“INTAKE STRICTURE
MORROW POINT DAM

ATMOSPHERIC PRESSURE
~ 1lle26 P51

EMERGENCY GATE CLOSURE IM THE -PENSTOCK=

SPECIFIC WEIGHT ofF &IR

0596 LB/sCULFT,

2FT-9IN. BY 3FT RECTANGULAR AIR DUCT

CTIME

l,

PRESS|{PENSTOCK! GATE |COEFF INERTIAL TERMS
1 AT 3 PRESS | OPENING] DTSCH,. GATE -PENSTOCK

(SFC) | (FT) (FT) (G70)

- 1.0 | 75.70 83,17 | 98,2 8924 | =.1836 00720
2.0 75451 88.91 9647 «857Y 1 ~,3220 f 0874 .
3.0 75.32| 88.62 | 95.0 282401 =,3717 »0950

y 4.0 75:! 12 88032 9323 37932 -l337q . |0961
59 74'-91 88403 91.7 -7644 -.2333L IDQBI
6,0 Ja.68] 87.75 | 90,0 «T374 | -, 0960 | 0881

- 2,0 T4.43| 87.49 88.12 .7120 ,0335 |. ,0837
R.0 | T4al5{ 8724 86,7 | .6882 .1268 +0819 .
9,0 73.85|  86.98 85.0 | .6657| .1656 »0833

10,0 73,54 86.72 83.3 6445 .1495 [ ,0879

11.0 73.21] 86.43 8l,7 | 6244 .0912 0948

12,07 72.89| 86.11 80,0 | .eYs3| .o0l0l | L1027

13,0 [ 72.56] 8s5.78 | 78:3 | .5870| -.0706 | ,1105

1440 T2.23) 85.42 [ T6.7 @5696 =.1330 | .«1175

15,07 71.90| 85.06, | 75,0 | ¢5529 | =.1658 | 1234

16,0 | 71:55| B84.65 . 73,3 | .536a| -.1677 | .1286

17,0 | 71.19] 84324 |- 71:7 25212 | =.l446 01337

18,0 70,80 "=43.81 70,0 | «5Ug2 | =41121 | 41394

19,0 | 70,38  83.37 | 68,3 | .4915 | -.0820 | .1463

20.0. | 69493 8290, | T 66T | #4TT7E [ =a0624 -] 11546

21.0 69445 82,40 65.0 46321 ~,0598 W1643

22,0 | 68.493] 81,87 | 6343 | ,4%995| =.0704 | 41754

23.0 ] 68.39| - 81.30 61e7 . ] «436Y | =.0936 21875

24,0 | '67.81] 7 80.69 60.0 4227 | =.1215 22009

2r,0 65.09| .77.78 53,3 | J31p9| =.2126 0 2h86

29,9 64'26 16,90 . 51:7 _03583 .30229; 02906

30,0 | -63.40 75,95 { 50.0 | .3%57| =.2478 v3151

31,0 62.45| 74,93 48,3 | 43331 | =.,2665 | 23423

32.0 ) 6l.41] 73.81 ) 46T 3207 =.28R9 3725

‘33,0 60.28] 72.59°] 45.0 23083 | «,3141 | ,4059

34,0.] 59.05] Tl.27 | 4323 | 2960 =.3422 4429

35,0 | 57+71| 69.83 | .4la7 [ .2837 ) =.3726 14839

36,0 .| 56425) 68.25 |  4D040.| 42719 | =.4049 15293

37,0 | 54.465] 66453 | 3853 | 22594 =.4394 | 5796

38,0 | 52.90| 6464 ] .3647 | o2474 | =.4753 | 46355

'39.0 | 50.97| . 62,58 | 35,0 22354 | =,5134 16975

40,0 | 48.87] 60,32 | 3343 | .2235] =,5525 | 7664
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COMPUTATION OF AIR FLOW INTO THE GATE CHAMBER DURING AN
EMERGENCY GATE CLOSURF IN THE PENSTOCK=-
INTAKE STRUCTURE
MORROW POINT DAM

ATMOSPHERIC PRESSURE SPECIFIC WEIGHT OF AIR
11.26 PSI _ +0596 LB/CUL.FT,

2FT=9IN. BY 3FT RECTANGULAR AIR DUCT

TIME | MACH NOMACH NO;SPECIFICSPECIFIChIR FLOWACCURACY:
AT AT WEIGHT | VOLUME RATE |DF PRESS.
INLET | OYTLET | OF AIP | OF AIR CALC.
(SEC)| Lb/sCU FTICU FT/LEBLBM/SEC | (PSI)

«0000 «0C00 + 0596 16.78 + 00 «0000
-0003 0003 + 0596 l16.78 . «l4 | =,0000
0027 iUOET ) .0596' 16|TB 1,51 --0001
. «0044 «N044 » 0596 16,78 2,40 [ =40006
'-OQSﬁ +0054 +0596 . lg,.74 2397 =-,0001
0052 | L0062 | L0596 | l6,78 3,42 | ,0002
0062 0062 | 40596 le,78 3,40 | =,0005
'00060__ 10060 -00596‘ 16!78 '3-28 f|0003
J005275 ,0052 | 20596 | 16,78 2,86 | =,0006"
0047 ,0047 20596 16,18 2.56 | =,0010
20040 00407 L0598 ) - 16,78 2,19 0008
«0039 .0039 | ,0596 16,78 2y1a | »,0002
. .0045| .0045| 40596} 16.78 | 2,48 | 40000
.0050 0050 "+ 0596 l6.78 2.73 :0001
'-0U63 . 20063 " +0596 "l6.78 3,47 00002
- «0070 «0070 20596 16,748 3.88 «0007
«0077 | 40077 w0596 | le.78 | 4,24 | 0004
.0078 | .0078| 40596 | 16,78 | 4,30 | =,0009
. .«0082 0082 | :4.0596 16,78 4,50 | =,0002
»0090. +0090 | 40596 16,78 4,93 «0006
©.0095 |- 0095 | .0596 | 16,78 5,21 | ,0008 | |-
0lo2 0102 205986 | 16,78 5,62 0008 |
01101 ,0110 | (0596 | 16,78 6,04 | 40004
.0119 0119 v0596 16.78 6,53 «0007 . -
W0128 «0128 1 40596 16.78 1.05 | »0009 - | -
«0139: . ,0139 0596 | 16,78 Teb4 | 0001
. 401501 L0150 0596 16,79 8,23 ] 0001
'--D163 -10163 “l0596 -16m79 . ‘&n94'  30002
40175 |. .0176| 40596 | 16,79 | 9,65 +0002
,0191| L0191 ,0596 | 16,79 | 10,45| L0003
0207 | 20207 10596 l16.72 11.36 0004
eN225 . ,0225 | «0595 [ 16,79 | 12,37 ‘me 0003
0244 | 02447 40595 | ‘le.80 | 13,42 | =.0003
7;0266‘ 20267 .+0595 . 16-80‘  14164€"’00003_
0290 ,0290| L0595 | 16,81 | 15,91 | =,0003
a0316:) - L0317 40595 | lé6us)l | 17,36 | = 0004

- ¥ 8 8 & % & & @D B B
ODOoO000Q-000DO0 000 o0
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-COMPUTATION OF AIR FLOW INTO THE GATE CHAMBER DURING AN
: EMERGENCY GATE CLOSURE IN THE PENSTOCK=-
INTAKE STRUCTURE
MORROW FPOINT DAM

‘ATMOSPHERIC PRESSURE
11.26 PSI

2FT=-9IN,

SPECIFIC WEIGHT OF AIR
« 0596 LB/CUFT,

BY 3FT RECTANGULAR AIR DUCT

Q
“GATE
CHAMBER

(CFS)

.PENSTQCK

Q

{CFS)

.ws
ELEV

GATE
CHAMBER
PRESS
(PSIA)

INLET
IR VEL

(FT/SEC)

OUTLET
AIR VEL

(FTASEC)

293,2
3200,
‘349.3
3gl.e
416.9
"455.7.
~498.4
545{3
59649
6l4.5
628,72
610.1
605.4
«0

+0

0

+0.

.0
«0.

« D

«0

'.D

« 0

-n.

o0

«0

«0

« 0

. ..D X
WOl

a0
a0 g
.0
-D‘
o
tof e
-00::'“
: o O
Y
"..U:‘:

229644

. 1818.1

- 1850.8

120049

208844
4103242
'j797btq

2453,3
“ 2445 4 4
2436,7
242741
2416.5
2404 ,8
2391,8
2377.3
2355,7
2344.,3
2305,8

2280,.7
2272.2
2252,6
2237,2
2196,4
2136,9
2073,9
2010,3
1942,7
1879,9

176249
1706,9

1594,7
1538,%
1482,3
142640
1369.7
1313,5
125742

1144,7

919, T
.H363t5

7137.30
7135.24
7132.99
7130,53
7127.85

7121,71
7118,.20
7114,36
7113.00
7104,08
7090.80
T087.79
T086.67
7082.46

7071.39
7054,.59
70338.35
7022,53
7007.10
6992.05
6977.37
6965.17
6952.66
6940.54
6628,81

6906,53
6895.97

6876.05
6866.67
6857.69
6849.10

6833.11
6825.70
6818,68
6812.06
6805,83

T124,91)

7077.63]

6917.47l

6A85 811

6840,91| "

11.230

11.224
11.217
11.209
11,199
11.187
11.174
11.157
11.138
' 11-130
’ 110119
11.125

11.121]

11.068
10.006
9.695

9-565'

9.533
9.561

9.604]
9.854|

) 9-707
9,760
9.92

10.021

10410

10.17

10.24

10.302

10.361

|

- 10.41
© 1047
~10.52
13.579
10.630

10727

10.679 ...

104774
10.818

10862 -
-10.908] "

34.1
37.2
40.6

.44.3*Q

48,3
52.7
57.6
62.8
- 68,6
‘TDfG

73.6 -

72.1}.
C73.1
. 86 ".1 — :"2
23z2.3|

263.6
276.3
279.3
27646
272.5

262.4
R57.2
- 240.3
230.5
222,0
214.2

267-6'

LA 35-0
38,2
41,7
45.4
49.6
54,2
59.1
6446
70.5

75.7
76,1
775.2
88,8
" 4P49,8
287.8
303,6
307.4
304,0
298,8
292.7
286.4
- 280,0
259,5
248,0
-238,0
228,9.

206,

199.8 *

192.
186.

172,
166.2
159.5

145,9
139.1
132;
125.

179.5 -

1152.7

118.0

- 220,4
21254
" 204,6
197,0
189,5
182.0
17446
167.3
159,9

145,1
'13118
'130-3
123,1

7246 -




COMPUTATICON OF AIR FLOw INTD THE GATE CHAMBER DURING AN
EMERGENCY GATE CLOSURE IN THE PENSTOCK—
- INTAKE STRUCTURE
MORROwW POINT LANM

ATMOSPHERIC PRESSURE SPECIFIC WEIGHT GF AIR
11,26 PSI- - . .0596 LB/CU.FT,

2FT=9IN, BY 3FT RECTANGULAP AIR DUCT

- _ | "
PRESS|PENSTOCK|.GATE |COEFF | INERTIAL|TERMS
AT 3 | PRE3S [OPENING|DISCH, | GATE |PENSTOCK

Emy | ET t0/0) - - -

48.87] 60,32 33,3 | 42235 =,5525| 47664
46.55] 57.83° 3117¥g102115 -,5935 8429
i 44400 55,10 30.0 '3.2001 =.6353 19278
38410 48.81 26.7 | 1770 «.7201| 1.1260
34468 45.17 25.0 1656 | =«7609| 1.2405
26.741 36.76 2le7 | +1432 ) =,8248| 1.4949
22,13} 31.90 20,0 | 1321 | =.8320| l.6224
20.41 30.10 1944 «1284 1 =.9085] 1.,7772
3.75] 13.55 | 1647 | o1102| .3230] 3,8500
- « 668 10.50 16-3 =« 1077 -.0005 4.2180 5
-4 9.29 15.0 | «C992 «0000 19550
-2.89 3.84 13.3-{ 0885 «.0000] 33,9810
=3.61]  =.36 11.7 0777 .0000| 2,6420
-3.91 3,91 10,0 «G670 +0000'] 3,5680
=-3.98 =3.98 8.3°] 40561 400001042240
=-3.92 =3492 64T | #0452}, .0000| 9,8138"
=3.82  =3.82 5.0 | 40342 ,0000) 9,0286
=3.71 =3.71 3e3 «0231 «»0000| 841156
"w3.58] =3.58 1,7 ] «0117| «0000) 7,0497
~3.46]  ~+3.46 0 | +0000| .0000| 5,811l
«3.07 =3.07 «0 | 0000 »0000| 348494
-7 .86 -2.86 -0 «0000 0000 33,8823
=2.67 =267 20| «0000| 0000} 3.7688
Y-S w2351 | 50 «0000 <0000 3-6463
. =2435| . -=2.35 } 0 | 20000 «0000| 3.5217 |
Cez.21|  =2.21 +0 | +0000| ~.0000| 3,3970
w2 0T[.> =2.07 :0 + 0000 «0000] 3.2735
-1 94 =1.94 ' «0 | +000C0 0000} 22,1532
=1482] =1.82 |- o0 «000C «0000| 33,0363
_ -1l.«69 =]1+69 e 0 0000 -0000 29231
- =laB7 =]«5T | +0000| .0000| 2.8145
. =1445{ =l,45 ’ ' «0000 0000 2.7104
=1.23| 41,23 | . 50} <0000| 0000} 245157
“1.12| «1412 “+0,| 20000 | .0000| 244259
w1402 " =1.02 | - | «0000| .0000| 243433
=,92 -y92 _' « 0000 ‘. 0000 24 259‘!
=e82] . a.82 +0 | ..0000| ..0000| 2:179%




COMPUTATION QOF AIR FLOW INTO THE GATE CHAMBER DURING AN
EMERGENG . -GATE CLOSURE IN THE PENSTOCK=-
INTAKE STRUCTURE
MORROW FQINT LDAM

ATMOSPHRERIC PRESSURE  SPECIFIC WEIGHT OF AIR
. w11|26 PSI . 00596 LB/CU-FT.

2FT=9IN. BY 3FT PECTANGULA®P AIR DUCT

TIME |MACH NOJMACH NOJSPECIFICSPECIFICIR FLOWACCURACY
: : AT AT WEIGHT | VOLUME | RATE [OF PRESS
INLET | OUTLET | OF AIR | OF AlR CALC.,

(SEC) LBsCU FTCU FT/LEBLBM/SEC | (PSI)

43.0 20410 0411 + 0594 16,483 | 22,47 { =,0004
44,0 L0448 0448 L0594 le.g4 | 24.52 | =40004
45.0{ 0489 0489 40593 ] 16.86 | 26,73 |~=«0004
46,0] ° .0534| ,0535{° ,0593 16487 ] 29,15 | =,0004
47.0 0583 0584 » 0592 le.s9 31.78 | =,0004
48.0] 0636 . 40638 » 0591 16.91 34465 | =.0004.
¢8,3| . ,0653] .,0657]. «0591 | le.g2 35,65 | =,0002
49,00 L0684 L0635 + 0591 16,93 37.13 | =,0002
50,0 0669 w0671 0591 { lé.92 | 36,37 =,0002
5\002 00679 .0681 10591 ' 16.?‘3 36.90 IUOD‘P
'51..0] .0800 0803 ..0589 16.99 | 43,29 +C004
52:.9| . .2215 v2204 | . 40548 18,25 { 108,48 + G000
53.3 .2532 1 ,2655| L0538 1,67 | 120,26 (0001
56.0 26641 ,2810 W 0530 1 18.86 ) 124,85 | ,0001
57,0 02622 227860 .0532 18,80 | 123,40 | -,0003
‘58,0 » 7572 2702 20534 18473 ] 121,68 0001
59,0 25201 ,284l [ .053¢ 18,65 (119,83 |...0001
-60.0|  «2487] ,2580 0538 118,58 | 117,95.| =.0004
~61.0] L2296 02385 40545 lg.36 | 111,60 | .0001
82,00 7 L2193 | L2277 J0548.( 18,24 107.87 20001
63,00 WPll4 2182 ,0552 ) 18,13 | 104.51| «,0000
- 6450] 22036 +2067| 40554 1l8.04 | 101,37 +0001
65,0 1964 ,2017|  ,0557 1 17,96 | 98.33 L0002
"66.0 . 1894 1942 L,0%59: 17,88 95 46 ,0001
6§7.0 1821 1869 0562 ] 17.81 | 92:58 «0002
68,0 <1760 1798 | L0564 17,74 89.71 +0003
89,0 L1695 L1729 4056F | 17.67 | 86,52 | L0002
70,01 <1830 L1680 0568 17.61 ] 83.91 +0003
7149 .1565| ,1591 0570 | *17.,54 | 8n,%& | .,0004
. 72.0] 1500 .,1523| L0572 | 17.48 | 77.97 | 0004
734G 1435 «1455( <0574 17,43 74,93 10008
- 7440] 41369 ,1387] ..0576 | 17037 71,83 L0007
©75.0] W T304 L1319 J0577T [ 17.32| s8,69 | 0008
7640 +1239 [ - ,1251 +0572 ] 17.26 | £5452| =.0009
7T 07L 217270 L1183 L0581 | 17.21| 62,24 | =.0010
78,01 41108 41117} 40583 17.17 ] 59,07 | .0005 |




LIST OF SYMBOLS FOR PROGRAM TO COMPUTE FLOW CONDITIONS
"IN INLET REGION OF AIR VENT

AREA - Area of Air veat (in%)

CINC - Incompressible discharge coefficient
CCOM - Compressible discharpe coefficient
LVEL - Velocity coefficient

"EXPENT — Ratio of stagnation pressures

£t 1b,
_ GASCON - Engineering gas constaant for air ( )

GRAV -~ Gravitational constant (ftlsec )

K - Isentropic flow constant

MACE21 -~ Ideal Mach number at end of inlet reg:l.on

MACHZR - Real Mach number at end of imlet regiom

'MACHSQ - Dummy variable

R ~ Pressure ratio between atmosphere and end of inlet
section '

BCRIT - Reciprocal of cr:l.tical pressure rat:l.o

RC - Dummy variable

"RR ~ Reciprocal of R

T - Temperature {°Rankine)

WIFLO - ‘Mass flow rate of air (1b,/sec)

COMPUTER REQUIRED

The program was written in FORTRAN II language for use in a GE time-
sharing computer. ‘The time requ:l.red for compilation and execution
was about 10 seconds.

S
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FLOW DIAGRAM °

'FLOW CONDITIONS IN THE INLET REGION OF THE.AIR VENT

READ
- VARIABLES

“COMPUTE VALUES
~ FOR'EQUATIONS
18 THRU 26

[

. WRITE
'RESULTS




 PROGRAM LISTING

" FLOW CONDITIONS IN THE INLET REGION OF THE AIR VENT




- 010 *PRIGRAM T@ COMPUTE FLOW CONDITIBNS IN T
011 . *INLET REGIBN @F AN AIR VENT PIPE'
012 |
020 REAL K>MACH2I,MACHSQ,>MACH2R .
025 1 ?EAD;AREA:K:1;GASC@N:GRAU:CINC;PATM
0 30 2 FORMATCTFG.4) : '
035  RCRIT= ((K+1.)/2. Yk (K CK- 1 3D
1040 PRINT 4
.0 45 4. FPRMAT (24X,23H FLBY csuDIlevs IN THE /21X-13H INLET REGION,
‘050  +16H BF THE AIR DUCT //1Xs34HIDEAL MACH REAL MACHC@MP COEFFCOMP

+.055  +26H CIEFF ENTROPY AIR FLZ »10H PRESSUREsZ1Xs

" 060 +37H NUMBER' NUMBER7 DISCHARGE VELJCITY EXPGNENT RATE »

- 063 “+d4Xsy6H RATIB/Z)

070 -6 READsMACHZI

075 -CQNKE— (K=1+)/2

085  R= (1+CONKE4MACH2L*#2) % (K/(K=14))
086 . -Rc RCRIT . -
" 090 CCOM= 1e=C1e=CINCI*C1o- .7*ccxnc-.1)-<,27f.1*cxNC)*

095 0 #(1e=CRC/RI*%2))

1:00 IFCRCRIT-R) 353 et '
‘105 :CCOM= 1.-(1--CINC)*c1.-.74<CINC-.1)*(R l-)/(RC-l 3
110 .3 MACHSO= (=1¢+SORT(1e+2ek(K-14 )*((CCBM*MACH21)#¥2
115, +%(le+(K=1:)7/2. *MACH2I**2))))/(K 167 [

2120 -  MACH2R= .SORT(MACHSA)

“1.25 . - CUEL= MACHSQ/¢CCOM*MACH2I *%2)

1'30 EXPENT= (CCOM/CUEL) ¥*%(K/(K-1+))

. -135 . WTFL?= PATM*AREA/SQRT(GASCON*T/(K*GRAV) I*EXPENT*

C 140 _+MACH2R/(1-+CﬂNKh*MACHS@)*+((K+1-)/(2.*(K 1.7

141 RR=1./R L
. 145 . PRINT S,MACHQI;FACHER:CCBM:CUEL:EXPENT;WTFLZ:RR_-

o f1s0 5 FORMATC1X55E10+3,E10- 4>E10.3) -
-'160 - G@B'TE 6 - . | |
165  SDATA ' - R

170 9951445520553429532. 2,.5,11 26
171 1.29s1.3




'PROGRAM QUTPUT

" FLOW CONDITIONS IN THE INLET REGION OF THE AIR VENT




FLOW CONDITIBNS IN THE
INLET REGI@N OF THE AIR DUCT
IDEAL MACH{REAL MACHC@MP COEFF@MP C@EFF |ENTRGPY AIR FLZ [ PRESSURE
| NUMBER NUMBER | DISCHARGE| VELOCITY |EXPONENT RATE RATIO
T T=40°F
»100E+00| +501E-01} +501E+00| <502E+00| +995E+00|.2742E+02 | .993E+00
"~ «200E+00] «101E+0D «SO4E+00! .«507E+00]| «P79E+00|o5422E+02 | .972E+0D
«300E+00| +154E+0Q0| +S10E+Q0| -S517E+00| «9SSE+00|«T7984E+02 | +939E+00
«400E+00]| +210E+00| +S518E+00| +530E+00| «923E+00|-1038E+03 | .896FE+00
+SC0E+00| «269E+00| +529E+00| «548E+00| «887E+00|«1258E+03 | +843E+00
«600E+00| .334E+00| .543E+00| <570E+00| «+B47E+00|-1456E+03 | .7B4E+00
+TOOE+00| +40SE+00| «361FE+00] +596E+00| +807E+00|.1632E+03 | .721E+00
+800E+00]{ +4B4E+00| +582E+00 +627E+00! »770E+00|+1786E+03 | -6586E+00
+900E+00| «ST2E+00| «60BE+00| +664E+00| «738E+00|.1921E+03 | «591E+00
+100E+01| «671E+00| +640E+00| «TO4E+00| +715E+00|+.2039E+03 | -528E+00
+120E+01| «889E+00] -703E+00| - .7BIE+00| .689E+00|.2172E+03 | «412E+00
«130E+01]| «996E+00| +725E+00| +810E+00| -6B0E+00|.2167E+03 | «361E+00
«EA0E+0Q1[ »110E+01| «TA4A3E+00Q +833E+00( «472E+00]{+2124E+03 | «314E+00
«150E+01| «120E+01| +75TE+00| +.851E+00| «664E+00|«2051E+03 | «272E+00
i
|t
'FLOW CRNDITIONS IN THE
_ INLET REGIGN OF THE AIR DUCT
IDEAL MACH|REAL MACHICOMP CBEFFC@MP COEFF|ENTREPY | AIR FL@ | PRESSURE
NUMBER NUMBER | DISCHARGE| VELACITY | EXPONENT RATE RATIO
_ ' T=60°F L :
. «100E+00| - +S501E-01] +501E+00| .S02E+00{ -99SE+00| «2689E+02 | «993E+00- -
. .200E+00| +101E+00| -S04E+00| <SO7E+00} +979E+00} «5317E+02 | .+972E+00
- +300E+00| «154E+00| +S10E+00| «5I7E+00| +9SSE+00|.7829E+02 | -939E+00 . |:
«400E+00| +210E+00] +S18E+00] «530E+00| +923E+00|-1018E+03. | +8ISE+00
+SO0E+00| -269E+00| +529E+00| +548E+00|{ «887E+00([«1234E+03 | +843E+00
«600E+0Q0| «334E+00} +543E+00] +STOE+00| +847E+00|«1428E+03 | .784E+00. |
+700E+00| «405E+00] «S61E+00| «596E+00] +BO7E+00|s+1600E+03 | «721E+00
200E+00| -484E+00| «S82E+0D! +627E+0Q| «770E+00|«1752E+03 | «656E+00 -
+900E+00| «572E+00[ +<60BE+00| +664E+00| «73BE+00|+1884E+03 | +S91E+00
<-100E+01 | +67IE+00| +640E+00| «TO4E+QG| «715E+00|+1999E+03 | +528E+00
<120E+01| +889E+00| +703E+00| +781E+00| «689E+00}+2129E+03 | «412E+00:
C1-30E+31 ] +996E+00| .725E+00| . -810E+00|. +680E+00|2125E+03 | .«361E+00. -
. «140E+01| <110E+01| «743E+00| +833E+00| «672E+00|<2083E+03 | .314E+00 | -
-150E+01| «120E+01| +7S7E+00| +851E+0Q0| +664E+00|+2012E+03 «272E+00- | =
: - _ - e — e
i
|
:“4. . ! i
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Bureaa of Rechoatie

CONVERSION FACTORS--ERITISH TO METRIC UNITS OF MEASUREMENT

The following conversion factors adopled by the Burean of Reclamation are those lshed by the Amerlcan Soclety for
Tegting and Materials (ASTM Metric Practice Guide, January 1984) except that diticnal factors (*) commonly used in
the Burean heve been added, Further dscusslon of definitions of quantities and unlts Is glven on pages 10-il of the
ASTM Metric Practice Guide,

The metric umlts and conversion factors adopted by the ASTM are based on the "International System of Units" (designated
81 for Systeme International d'Unites), flxad by the International Committee for Welights and Measures; this system is
alsc known &5 the Glorgl or MXSA (meter-idiogram {masg)-second-aunpere) system, This system has been adopted by the
Internatlonal Organizaton for Standardization {n ISO Recommendation R-31.

The metric technlcal unit of force is the kilogram-force; this s the force which, when applied to & bedy haying a

mass of 1 kg, gives It an acceleratien of 9. BJG65 m/sec/sec, the standard aceeleration nf free fall toward the earth's
center for sea level at 45 deg Iatitude. The metric unit of force in SI units is the newion (), which is'defned as

that foree which, when appiied to a body having a2 mass of 1 kg, glves it an accelermticn of 1 im/sec/sec. These units
must be distinguished from the (Inconstant) locel welght of 2 body having a mass of 1 kg; that 1s, the welght of &

bedy 15 that force with which 2 body is attracted to the earth and 15 equal to the mass of a body multiplied by the
acceleration due to gravity. However, because it 1s general practice to use "pound” rather than the technlcally

carrect term "pound-force," the term "idl " (or derived mass unit} has been used in this quide instead of "kilogram-
force';fari ﬁq:gleslsuintsg the conversion factors for forees. The newion unit of force will find increasing use, and is

essenl .

Table 1

QUANTITIES AND UNITS OF SPAGE
'———;,BY -
LENGTH

25. 4 {exactly) Micron
25.4 (exactly). . . . . . » Milllmeters
2.54 (exactly)*. . . Centimeters
30.48B (exactly) .. . Centimeters
0. 3048 (exnctly)*. . . . Meters
0. 0003048 (exactly)* Eliometers
0.9144 {exactly) . . . . . . Meters

. 1,809, 344 (exactly)* . . Meters
1.609344 (exactly) Kilometers

AREA

Squere inches . .. . . 6. 4516 (exzctly) . « . Squere centimeters
Square feet , . 928,03%. ., . . . . Square centimeters
: ’ . . . Square meters
Square yards \ y Square meters
Acres . . . . v - Hectares
e : Bquare meters
Square kllometers

2. 58099, Sguare kllomaters
VOLUME -

Cublc inches . -. 18.3871 .-, . . . . Cublc centimeters
Cublc feet. . . . . -0,0283188. . . .. ) Cubie meters
Cubic yards, 0, 784555 Cuble meters

CAPACITY

Fluld cunces (U. 3.} - 28,b737.. . Cubic centimeters
o .. : 29,5728 , .. . .- Milliters

Liquid pints (U.8.) . : . Cublc decimeters
S Q. : . Liters .

Quarts {U.8.}. . : . Cubic centimeters

: Ce - . * . . Liters
Gallens (U, 5.). . .. . Cuble centimeters
: : N 3, 78543 Cubic declmeters

) . . + « « Liters
. . s : Cuble meters
- Gallons (ULE.) .. Cuble declmeters
) . . Liters .
Cublc feet. . : . N Liters
Cubic . + . Liters
Acre-feet, . . .- .. s . Cubic meters
PR Liters
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- air vent are discussed.

A computer prngram was wgitten to- determine the time magnitude relation-
.'ships of reduced” presaurea in the Morrow Point Dam inlet structure. The

"10# pressures are formed during an emergency closure of the intake gates

water in the .penstock drains through the turbine, The study was nec~

LEBATY ta properly s5ize the alr vent system mnd to investigate the effect
6f various alr vent dimensions on the reduced pressure. Consideration of
design parameters, causes for air flow, and flow conditions within the
air vent are discussed._ The one-dimensional equatlions of gradually vary-
ing. unsteady flow are given, and e computer program for their solution is
preaented in Fortran. IV programming language. The program can be used
Cfor” Bimilar problems.

ABSTRACT
A computer prugram wap vritten to determine the time- magnitude relationz/
: shipa of reduced pressures in the Morrow Pbint Dam inlet structure. The
. low pressurea are formed during an émergency closure of the intake gaées
- ps" water in the penstock drains through the turbine. The study was dec-
j_.essary to properly size ‘the air ient system and to investigate the effect
woof! varioua alr vent dimensions on the reduced.pressure. Consideratibn of
‘..deaign parametera, causes for air flow, and flow conditione within thq
The one-dimepeional equations of gradually vary-
“ing unsteady flov are given, and a computer program for their solution\ta
~- presepted 'in Fortran IV puugramming 1anguage. The program tan be used ~
-'for similar problems. : :

 ABSTRACT

A computer progrem was written to determine the tiwe-magnitude relation-
ships of reduced pressures in the Morrow Point Dam inlet structure. The
low pressures are formed during an emergency closure of the intake gates
as water in the penstock drains through the turbine. The study was nec-
eseary to properly size the alr vent system and to investigate the effect
of varlious air vent dimensione on the reduced pressure. Consideration of
design parameters, causes for air flow, and flow conditions within the
air vent are discussed. The one-dimensional equations of gradually vary-
ing unsteady flow are given, and a computer program for their solution is
presented in Fortran IV programming language. The program ¢can be used
for similar problems.

ABSTRACT

A computer program was written to determine the time~magnitude relation-
- ships of reduced pressures In the Morrow Polnt Dam inlet etructure. The
lov pressures are formed during an emergency closure of the intake gates

as water in the penstock drains through the turbine. The study was nece
essary to properly slze the air vent system and to investigate the effect
of various alr vent dimensions. on the reduced pregsure., Consideration of
deaign perameters, causes for air flow, and flow conditions within the -
ailr vent are discuseed, The one-dimensional equations of gradually vary-
ing unsteady flow are given, and a computer program for their solution is
presented in Fortran IV programmina language. The program can be used

‘for similar problems.
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gramning/ ‘structures/ air/ velocity/ computation/ sound/ reservoirs/
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AIR VENT COMPUTATIONS--MORROW POINT DAM--COLORADO RIVER STORAGE -
- PROJECT. .. Bur Reclam Lab Rep Hyd-5B8%4, Hydraul Br, July 1966. - Bureau
of Reclamation, Denver, 22 P, .15 fig, T tsb, 17 ref, append - -
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